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Thf' UthiliiHi itf VotdHsium to Wafcr-soahmg of Tobacco, ALLiNGTOisr, W. B., and 
'rile ])redis]>osiii^ effect of a low potash nutrition of plants on the 
Nrvcrity nf ceiiaui <liseaseH has loii^ been known or suspected. Studies on physiological 
nats'F ^r»aki!ig have shown that tliis condition also is an important predetermining factor 
ffo- naturai iniVcticm with the organisms of tobacco blackhre {Bacterium angulatum) and 
wildfire {H, tabueim), (Vmtinued investigation of physiological water-soaking has shown 
tliat plants of field size, which have develojied or are approaching potassium- 

tifflidimey symptoms, water-Boa.k readily ; while plants of a' similar size, with ample potas- 
fiiiini, water soak only with great difficulty under conditions of high relative humidity and 
low light intensity.^ (Vrtain other factors such as nitrogen supply may play an important 
part in water-soaking as well. Potassium-starved plants, therefore, are predisposed to 
water^sfjaking ami, snbse<{uently, to bacterial infection. A shortage of potassium in leaf 
tissue is known to induce necrosis of isolated cells and finally large groups of cells. Since 
living tissue surrounding necrotic areas in leaves has repeatedly been observed to water- 
soak mure readily than other tissues, this behavior may explain water-soaking when influ- 
enced by low potassium. (Wisconsin Agricultural Experiment Station and Division of 
'fobacco Investigations, Bureau of Plant Industry, D, S. Dept, of Agriculture, cooper- 
aliig.) 

Tun Lruf'Hp(tt Distasiu on Sorghum and Belated Grasses. Bain, D. C., and C. W. 
HWfKKTox. A leaf-spot disease caused by an apparently undeseribed fungus has been 
fcnind mi sorghum, Johnson grass, Sudan grass, and a variety of sugar cane (C.P. 33-243) 
iti Louisiana; on sorghum and Johnson grass in Mississippi; and on Sudan grass at 
Ariingttm Farm, Virginia. The disease shows in the form of large zonate spots. Spores 
in pinkish masses are produced in great abundance. The fungus has been isolated from 
and seeds and the disease has been produced by inoculation. The fungus does not 
fit well irdo any of the described genera. Tentatively, as suggested by C. L. Shear, it is 
being placed in tlie new* genus Gleoeercospora. This fungus has been confused with Ti- 
idtmpora audropogonis in this country (PL Dis. Rptr. 25: 142. 1941), and possibly in 
plant disease reports from other parts of the world. T. audropogonis has been observed 
im, Johnson grass in Louisiana and Mississippi. 

Xem Species of Sphaceloma on Mgrtaceae. Bitancourt, A. A. Since the discovery 
of FJsuuh pitangae on Surinam cherry {Eugenia pitanga) the imperfect stage {SpJiace- 
fomu) of the genus has been found on other fruit trees of this family of phanerogams, 
Le.^ Jahtdieaba {Mgrckirla jahoticaba) and guava {Psidium guajma) both collected by 
the writer in the State of Sfio Paulo, Brazil, and on plants native to southern Chile, murta 
(t'’gni hmeeotata) and arrayan {Mgreeugenia apiculata), collected by S. Arentsen. On 
the five IhlsLs the pathogens cause the anthraenose type of lesion. The other type of dis- 
t use caused by tlie Elsinoaceae is referred to under the more or less common term ^ Iscab. 
Srab of Eucaigptiis spp., however, a hitherto imreported disease of this important member 
of the Alyrtaceae, appears not to be caused by this group of pathogens. A species of 
/of was isolated from the diseased tissues. 

Antagonism between Strains of the Peach-mosaio Virus in Western Colorado. Bo- 
ut xf, E. W. Preliminary studies of the strains of the peach-mosaic virus in western 
Colorado show definite indications of ‘ < antagonism’’ between strains. An Elberta peach 
affected with the .slight strain of the virus when re-inoculated with buds of the severe 
strain in the fall of 1938 showed only symptoms of the slight strain the following spring. 
After buds from the re-inoculated tree had been inserted into 20 healthy Elberta test trees 
in the fall of 1939, 10 of these trees showed symptoms of the slight strain the spring 
following inoculation. The remaining 10 trees showed very slight or no symptoms. The 
inserted buds made groAvth unions in 18 cases. Ten of these inoeulated trees, 5 trees 
expressing symptoms of the slight strain and 5 showing very slight to no symptoms were 
then re-inoeiilated Avith the severe strain of the virus in the spring and the fall of 1940. 
In the spring of 1941, all 10 eases expressed only the symptom apparent in each tree in 
iQin TiiP rAiDDiDiDfr 8 inoculated trees used as controls showed the same symptoms as 




Phytopathology 


[Yol. 32 


F.nviro)ime 7 it an<l Plant Disease m the Far SoaiJitvci^i. Brown% J, O. Tlu- far Suiath- 

is a region of contrasts. Elevations vary from appi’oximately H(‘a-Ievel to twa 
aore miles above; extremes of temperature range train — 30'^ F. to .120® I*, or even Ibsgiiyr; 
amual precipitation fluctuates between B and 20 inches; soils, jiredominant ly aik:i)ine. 
nay be neutral or somewhat acid at the higher elevations and, p^iysically, range fr^m 
)oraus to impervious and from almost ]>ure pulverised granitic rock to clays and loam''' 
latisfactorilv su})plied with organic matter; air movement, predominantly toward tlie west 
u large masses in summer and toward the east in winter, becomes locally very eiunplox 
Decause of the rough topography and the alternation of vegetative cover witli bare soil; 
Dvaporation exceeds precipitation in the ratio of 5: 1 to 2ih 1. These (mvinminental lac 
:ors may exert a marked influence on the kinds, prevalence and destructiveness cd plant 
iisease.* This paper presents a few of the many striking examples that might he given 
i:o illustrate relations between environmental factors and plant disiDase in tliis Southwest 
country of contrasts. 

(rvotts Pathogenic Effects of Pi/thium graminic(*h(m, Pgihium dt inn mpaid, ^ (Uui 
Hfhninthosporium sativum 07 i Seedlbigs of Crested Wheatgrass. Hminof/rx, W, lb 
When placed in steamed soil above the seed, immediately below the set*d, 1 inch, and 2 
inches below the seed of crested wdieatgrass {Agropgron cristafum)^ Pgfhinm debariftmuM 
interrupted germination, except at 2 inches below the seed, apparently had little or ni» 
effect on seedlings. Eelminihosporium sativuin interrupted germination when near tin* 
seed; occasionally, at 1-iiieh and 2-inch depths, was variable in its effect on seedlings, but 
tended to be somewhat like P. debaryaivim. Pythiuni graminieolnm in all eases inter' 
rupted germination, pruned roots, and induced stunting and death of seedlings. When 
placed in steamed soil alongside rows of seedlings np to 1 month of age, ih graminieoliim 
killed seedlings up to 3 weeks of age, induced wilting and stunting of seedling.^ of all ages. 
P. deharyanum and S. sativum killed only occasional seedlings 1 ’week old or less, iinluced 
no detectable wilting or stunting. In brome-grass sod, 1 inch btdow’ the seed, P. gramiui* 
aolum interrupted germination, pruned roots, and induced wilting, stunting, and death of 
seedlings. P, debaryayium and E. sativum induced no detectable sym])toms. Tin* symp- 
toms induced by P. graminieolum in these experiments were typical of seedling Idight of 
crested -wheatgrass in field soil. P. graminieolum is considered to be the cause of tite 
disease. Isolates of Fusariiun spp. in preliminary trials were less pathogenic than any 
of the 3 fungi used in these comparisons, 

Kecrotic Spot, a Peach Pisease Transmissihle by Budding. Catiox, I>oxali>. A 
Windsor cherry tree showing no symptoms, budded to Elberta and Carmen peach trees in 
1939, resulted in foliar necrotic spots in 1940. Inoculations in 1940 from cherry to peach 
and from peach to peach resulted in similar sjunptoins in Hale, Golden Jubilee, South 
Haven, and Halehaven. Paint chlorotic spots, accompanied by mild leaf distortion, 
slightly retarded foliation, and a trace of spot necrosis -were evident on several varieties 
in the early season of 1941. Affected leaves were most evident in mid- July. At that time 
liglit-browii, dead membranous areas appeared in unfolding leaves. The affected areas 
soon fell out, leaving clean-edged holes, and the leaves remained green and ])ersiHtcd 
throughout the remainder of the season. Die back, cortical necrosis, and ring spotting 
were lot evident, differentiating the disease from the ring spot of peach reported by 
Cod m and Hutchins (Phytopathology 31: 860, 1940). Trees infected in 1940 showed 
some, proportionately fewer, affected leaves in 1941. 

F ihility in Bespoyise of Flax to Seed Treatment. Christensen, J. J., ani> H. lb 
Moori Prom 1936 to 1941 about 700 lots of flax seed obtained from fanners in AOnne- 
sota were tested for response to fungicides. Yield tests were made at (.Tiiversity Farm 
and at 4 branch stations. In most eases, seed treatment increased the stand and vigor of 
seedlings and often increased yield, although in some cases it resulted in a decrease. The 
value of seed treatment varied greatly with the season and with seed lots of the same 
variety. Seed of the same variety produced in 5 regions in Minnesota during the same sea- 
son responded quite differently to seed treatment. Different seed lots of the same variety, 
whether treated or not, possessed different yielding abilities. The results indicate that 
the value of seed treatment depends on variety, source, and condition of seed, type of soil 
ffora, sometimes flora of seed, environmental factors at time of seeding, and ouTlie fungi- 
cide used. Ceresan and New Improved Ceresan were the most effective fungicides tested. 
These results help to explain the conflicting reports on the effects of seed treatments of 
flax. 
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artificially water-soaked just before inoculation. Water-soaking of the leaves permits 
bacteria present in water on the leaf surface to enter the leaf through stomata, and pro- 
duce infection. Oontinued water-soaking is not necessary. Leaves were water-soaked by 
forcing a strong stream of water from a hypodermic syringe against the lower surface, 
the end of the needle of the syringe being held approximately one inch from the leaf. 
Between November 2, 1940, and April 18, 1941, Bacterium angulatum was recovered from 
field soil in which naturally infected tobacco had grown during the summer of 1940. One 
hundred eighty -two samples collected on 15 different dates were tested; Bacterium angu- 
latum was isolated from 37 of these samples in 9 of the 15 tests. 

The Beversal Effect: Why Fungicides Change in Bank in Bepeated Field Tests. 
BiMOND, Albert E. The ranking of any fungicide may change radically in repeated 
tests. Many such changes may result from the reversal effect. If a series of dosages of 
each material is applied, a straight line relating fungicide dosage to disease control is 
obtained on logarithmic-probability coordinates. Under comparaWe conditions, the slope 
and LB95 of these curves are properties of the fungicide. When slopes for the dosage- 
control curves of 2 fungicides differ, these curves must cross one another. At the inter- 
section point, the 2 materials have identical disease-controlling properties. Above this 
point, the material having the steepest slope is most effective; whereas, below this point, 
the material having the flattest slope is most effective by any method of comparison. 
Environmental changes influencing disease development will alter the slope of the dosage- 
control curve. From test to test, therefore, the point of intersection of dosage-control 
curves of the same 2 fungicides may be expected to change. If, in one test, the investi- 
gator compares his materials at a single dosage above the intersection point of their 
dosage-control curves, and, in a second test, compares them below this point, inversion 
in order of effectiveness of the materials can be explained. 

Vacuolar Inclusions in Cells of Sugar Cane Affected with Chlorotic Streak. Bupre- 
NOY, Jean, Split stalks of sugar cane affected with chlorotic streak show red discolora- 
tions in the tr acheary vessels, mostly at the nodes. In the parenchyma cells surrounding 
the vessels, spherical bodies having the structure of ^ ^ Coacervates ^ ^ are frequently ob- 
served, Surrounding each body is a membrane, apparently of phosphatides, as it yields 
molybdenum blue with molybdenum reagents and stains blue with nascent indophenol 
blue. The membrane encloses a dense colloidal mass rich in catechol and catechol oxidase, 
as demonstrated by the rapid oxidation of para- or ortho-phenols and the rapid absorption 
of neutral red, safranin, and other basic dyes used as vital stains. Goacervates, however, 
have also been observed in cane free of chlorotic streak and commonly in lesions of red 
rot (Colletotrichiim falcattm). They are also common in the tissues of various other 
plants that are in a diseased or unthrifty condition. They have often in the past been 
mistaken for organisms of one type or another. 

Sterilization of Bhizoctonia Sclerotia with Corrosive SuMimate. Elmer, 0. H. A 
momentary dip of Ehizoctonia-infected seed potatoes in acidulated 3-500 concentration 
HgOb sterilizes adhering sclerotia more effectively than does a 10-minute treatment in 
the concentration 1-500. Fifteen comparative tests since 1936 resulted in 74.7 per cent 
Bhizoctonia-free sprouts following the momentary dip and 64.2 per cent Ehizoctonia-free 
sprouts following the 10-minute treatment. Nontreated controls averaged 7.3 per cent 
Ehizoctonia-free sprouts. Soil-borne Ehizoctonia-infeetion frequencies were not greater 
than 3.8 per cent. Beath of Ehizoctonia sclerotia resulting from the momentary or the 
10 -minute treatment evidently occurs following planting and not during the treatment 
period. After sclerotia-covered tubers were treated by the momentary or b^y the 10-minute 
treatments, then dried and cut into half, those half -tubers held 14 hours in running water 
to remove adhering HgCl^ developed sprouts of which 89.1 and 91 per cent, respectively, 
were infected with Ehizoctonia. The unwashed half -tubers developed sprouts of which 
only 28 and 41.5 per cent, respectively, became infected. Effective Ehizoctonia control 
evidently requires a sufficient dosage of HgCL on the planted tubers, either applied 
momentarily in high concentrations or during a soak treatment at lower concentrations. 
Momentary dipping in acidulated 1-500 HgCls was ineffective. 

Dormant Applications of Lime Sulphur for Controlling Baspherry Anthracnose. 
Elmer, 0. H. Spring applications of commercial liquid lime sulphur to anthracnose- 
infected dormant black raspberry canes (6-year experiments) resulted in the following 
■ percentages of infection on subsequently produced new canes: anthracnose-free, 35.8; 
‘ canes with occasional isolated lesions, 46.3; medium infection, 13.8; severe infection, 4.2. 
Infection percentages occurring on the new canes from nonsprayed controls were: an- 
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1-10 lime sulpliur to the canes was ineffective for controlling antliraciwhe. An 
made Just prior to the appearance of leaves w^as more effective than one iiifohj a j»»»oris 
earlier. Lime sulphur is arrarently more lethal to the anthracnose orgjuii.-iii iii llo* old 
cane lesions wlmn the peritheeia approach maturity than earlier in llie ilnrimni moviii, 
when, they are still immature. Control is evidently due to preveidioii of hpori;ljitio!i 
through sterilization of old cane lesions and not to preventive applh atiofis on ♦la* lU’W 
canes. Both Bordt^aux IMKIO, applied as a dormant spray, ami lime stilplmr I Itn epprir,! 
after leaves have appeannff w<‘re ineffective for preventing amliracno'^c. 

Affrtumfwn 0 / P//;/aaaifo/fhdiic?H omHirorum CnliurrH btf lirpmirfl Trin^A'/H* 0 / I 
Myedium. Ezekikl, Walter N. Successive transfer of cultnris {»f Pkmmifi^lrirltuw 
omnivorum during the ndatively early development of the colony causes rapid fittemiafioii. 
There is extreme reduction in rate of growth, and, eventindly, nearly coiiiplefe failsire of 
growth, making further transfer impossilde. Attenuation lias from ^ n peat ed 

weekly transfer from agar iilatcs of peripheral discs (at 4 cm. from the orlgiim! niiwiiliiiiL 
and thus carrying mycelium only 1-2 days old) as compared to transfer of proxittiiil discs 
(within 1 cm*, of the inoculnin, and thus carrying mjcelitiin 4-5 clays old), ^ Proxiirial 
transfer lines retained somewhat vigorous growth, alfhongli Inferior finhnf of ffiies fraiw* 
ferred similarly but at 3'Wet*k' iiiter^ids, while peripheral lines declined^ rtifiidly. Pre- 
liminary experiments indicate that the immediate cause of thr* attuiniitimi h |iioh«l»ly 
neither accumulation in attenuated cultures of diffimilile inhibitory inattTialH (as a 
phage) nor lack of the growth -promoting materials that have as yet been tested. 

Cotton Hoot Hot^ the Weather, and Cotton Yieldn, EzeivIKL, Wai^tee X. Witlilii 
certain limits, increased rainfall during the several months preceding ImrveHt lenik Ici 
corresponding increase in the -prevalence of root rot, caused by Fhymalui rich urn oiii*' 
nivorum, but additional rainfall during this pt'riod also favors grtovth of the tnaton plant. 
Losses correctly attributable to root rot may !>e masked iu average figun^s by increased 
yields from surviving plants and particularly the much higher yields in tields where the 
disease is not prevalent. For entire counties, average yields per acre*, tlierefore, geufrally 
Increase with greater prevalence of root rot, to a peak with around 25 per e<*nt root rot. 
Above this, county -yield figures decline. For examjde, in Bcdl County in HKIP, lo ]H‘r 
cent root-rot prevalence accompanied an average yield per acre of 155 lb.; 14 per mnit 
in 1938, yield 157 lb.; 20 per cent in 1928, yield 184 lb.; and 29 per cent in 1957, yield 
146 lb- disastrous losses from root rot thus may not show from simple comparison of 
average yields and average prevalence. Several lines of work have instead furnishefl a 
basis for estimating percentage reduction in yield as approximating nine-tenths the per- 
centage of plants killed by date of picking. 

TeirachloTO'parad}C7i2Q€i%mion€, an Bffecteve Organic Seed rndeetant, FErJx, K. L. 
Tetrachloro-para-benzoquinone has been tested further in the greenhouse as a st'cd pro- 
tectant against damping-off under conditions of high soil moisture. In 41 tests in which 
Spergon, a commercial preparation containing 99 per cent tetrachloro-para-lHmzoquimun* 
as the active ingredient, was applied to peas at a dosage of \ per cent of the sithI wioglit, 
the mean difference in stand wuis 52.9 per cent and in height of plant 0.85 cm. iu fa\or 
of the treated, with odds of over 1000 to 1 respectively, 10 days aft(‘r planting. Activt^ 
dosage of ^ per cent the seed w’cight in diluted and undiluted form yielded somewhat h-ss 
stand than the higher dosage, but resulted in slightly taller plants" in the diiut(»d 
Addition of.derris root, containing 5 per cent roienone, to Spengon apjH'ured not to re- 
duce the effectiveness of the fungicide, indicating possible compatiliility of flu* two. 
Spergon treatment of machine- delin ted cotton seed at the rate of 3 oz. undiluted or 
4 to 6 oz. of 25 per cent Spergon in tale per bushel of seed, effectively controlled damping, 
off in flats of Mississippi cotton soil. 

Infection of Forage Grasses with Flag Smuts of Wheat, Mge, and Grasses (V megs! is 
tritici, U. occulta, and U. agropyn, respectively). Fischer, George W. Inoculations of 
32 species of Agropyron, Mymus, Eordeum, and Sitanion with smut spores of Uroeusiis 
tritici, U. occulta, and U. agropyri resulted in the development of typical flag-smut symj)- 
toms on the following grasses: U. tritici infected Agropyron caninum (2 aeeessionsL A. 
repens, A. spicatum (2 accessions), A. semicostaUm, Blymus glaucus (2 accessions), and 
B. triticoides; Urocystis occulta infected Agropyron caninum, A. inerme, and EUjmus 
canadensis (3 accessions) ; Urocystis agropyri (taken from Eordeum nodosum) infk-ted 
Agropyron caninum and Blymus canadensis (4 accessions). The 3 flag smuts seem to 
have entirely different host ranges among tbe grasses used. Urocystis tritici and Z7. 
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that of wheat and grasses. The demonstrated susceptibility of grasses to dag smut of 
wheat and the morphological identity of this smut with the similar flag smut on grasses 
suggests a possible explanation of the source of outbreaks of wheat flag smut in the IT. S. 
where flag smut of grasses has long been known from coast to coast on a wide variety, 
of grass species. 

Com'parati've Value of Certain Popular Fungicidal Fusts in Control of Head Smut 
(Ustilago hullata) and in Improvement of Stands in Forage Grasses. Fischer, O-eorge W. 
Copper carbonate and basic copper sulphate (about 50 per cent copper), formaldehyde dust 
(Formacide), Semesan (30 per cent Hydroxymerchlorophenol), ^‘2 per cent Ceresan^^ 
(2 per cent ethyl mercury chloride), and New Improved Ceresan (5 per cent ethyl mercury 
phosphate) have been given comparative tests at Pullman, Washington, for control of head 
smut of grasses and for improvement of grass stands. The grasses used were Agropyron 
tracliycaulum (slender wheatgrass), marginatus (mountain bromegrass), JB. 

cathartieus (rescue grass), Flymus canadensis (Canada wild rye), B. glaucus (blue wild 
rye), and Hordeum nodosum (meadow barley). The copper dusts were generally inef- 
fective in controlling head smut, even at as high a rate as 6 oz. per bushel of seed, and 
improved stands only slightly. The same results were obtained with formaldehyde dust- 
Semesan, at 2, 4, or 6 oz. per bushel of seed, gave, generally, greatly improved stands, 
but very little smut control. In striking contrast to the poor smut control obtained with 
the above dusts, ^^2 per cent Ceresan’’ and New Improved Ceresan gave excellent smut 
control and from 300 to 500 per cent better stands than the untreated check rows. On 
the basis of these results, either ‘^2 per cent Ceresan” at 2 to 4 oz. per bushel of seed or 
New Improved Ceresan at i to 1 oz. per bushel can be recommended where combined head- 
smut control and excellent stands are desired. Except with Hordeum nodosumj the use 
of these dusts in considerable excess (2-4 times the recommended dosage) did not reduce 
the stands. 

The Inheritance of Pathogenicity in a Cross between Physiologic Faces and 24 of 
Melampsora Uni. Flor, H. H. The pathogenicity of 133 Fs cultures of a cross between 
physiologic races 22 and 24 of Melampsora Uni as indicated by the reaction of 17 rust- 
diflerentiating flax varieties was determined. J.W.S., immune from both parent races, 
was immune from the 133 Fg cultures. Buda, susceptible to both parent races, was sus- 
ceptible to all Fa cultures. Pathogenicity to Williston Golden and Williston Brown was 
inherited as a unit. These varieties, susceptible to both parent races, were resistant to 
17 and susceptible to 116 of the Fg cultures. Ability to produce a virulent infection type 
on all varieties, except Williston Golden and Williston Brown, was inherited as a recessive 
character. Pathogenicity to Bombay, Newland, Tammes ’ Pale Blue, and Ottawa 770^ B 
was independently inherited and conditioned by single pairs of factors. Pathogenicity 
to Akmolinsk, Abyssinian, and C.I. No. 836 was inherited as a unit in a simple Mendelian 
ratio, as was pathogenicity to Pale-blue crimped ” and Kenya. Pathogenicity to Argen- 
tine and Bolley Golden, varieties having 2 pairs of factors for resistance to race 24, and 
to Italia Eoma, C.I. 357-1 was conditioned by 2 pairs of factors. The 133 F 2 cultures 
yielded 68 physiologic races, 66 of which had not previously been isolated. (Cooperative 
investigations of the Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. S. Department of Agriculture and the North Dakota Agricultural Experiment Station.) 

Identity of the ^ ^ Intermediate^ ^ Mosaic in the Sugar-cane Variety C.P. 28—70. 
Forbes, I. L. and P. J. Mills. It has been reported previously that in the sugar-cane 
variety C.P. 28-70 the presence of a green mosaic virus would protect the plant against 
a yellow mosaic, and vice versa. Plants inoculated with mixed viruses would develop 
either the green or the yellow mosaic symptoms, — ^but not both. The results were of 
interest as bearing on immunity. Further inoculation tests with these viruses have re- 
vealed that an occasional plant will harbor both viruses and display their respective 
symptoms. In 5 experiments a total of 295 plants inoculated with juice from stalks 
showing mixed symptoms gave results as follows: 142 plants without symptoms, 84 with 
green mosaic, 32 with yellow mosaic, and 37 with mixed symptoms. With the same inocu- 
lation technique green- or yellow-mosaic material alone gave rise to the respective symp- 
toms in about 80 per cent of the inoculations. The results suggest an antagonistic action 
between the two viruses, but, occasionally, they may occur together in the same plant. 
There is no evidence that the host produces any substance conferring ^ ^ immunity. ” 

Fetation of the Hot-water Treatment of Sugar Cane to the Development of Fed Fot. 
Forbes, I. L. Chlorotic Streak of sugar cane may be eliminated from seed cane by im- 
mersion in water at 52° C. for 20 minutes. As. such a treatment may become advisable 
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is geneTiOlv distrilmteil llitotiglumt tbe Gaiic Belt* Tests with %T*rieties Co. fM\ 

eomiileri‘d resistant to red rot^ iiKlk-atetl that the Iwt-wiiter tmitmi iit inaile 
eaiiPH more siweeptiWe. Ti^sU with the %*arietT C.P. 33-243, eonsklered 4 

rot, iiKlieated that tla* led'-water treatment made this variety still iiwre siisn - 

ever, saspeiisioiis of spio’es f»f the rethrot finigiis were not infective after the lie.it treat 
meat. There was alsfi vto-.v little red rot iii stalks iiionilateil 1 to 2 day?* pri<^r io itje i“l 
water treatmuit, whieh indieates tluit spores disseminated at |»hintlng tiine wrr»* 

In eaiM\ given a laait treatment 3 days after inoeiilatkm^ the fniigns lio! i-ntn-eV 
kiik’d, Init its development seemed to have keen iirrestetL 

Some Fiictors Iiiflisfneiiifi roiirr'alriilmi in Sufitir ihyis, liiopri'ois* 

X. d. Curly-top'Viriw eoneeiitration is iiiitlur easily nor very iireiirately 
The most satisfaetory metlmd yet found Is to fied mmvirnliferoiis leaf for a ^linff 

IHodod on the plants or extraets to h«‘ tested, transfer them to heiiltliy %mmu 
]>lants, and determine the relative pereentage of plants lhal.J«»eimie iiifwieil. IMing 
plants were use«! as virus 8«:njret*s tii this work. hVedhig perkwli* tif ll In I* lioiirs Wf»re 
found most sutisfaet^my. Tlie nhorter feeding periods gave results if condnrfed at 
a tempmature of ahoutllCF F. Highly resistant lieets were tmmi to lia%‘e n signifieatilly 
lower viriiH eoneentration than siiseeptildo ones* The less vinileiit striiiiis of riirly lop 
vims were prestmt In signifieantly lower eommiil rations than Hie more ^driileiil slraltw. 
lieetH, infeeted for Severn! months, showed signifiemitly lower virus coiirfiitfiitksii fliaii 
those infeeted f«jr a few weeks; but it is possible that soil nllfogeii mny tie a faefor in 
this ease. 

The FungicuM mul FhginekMl Properties o/ MrtaUm Alkiil-(lUhim**irktfimlfM, 
GoIiPswoethy, M. (h, hh L. Orken, ano M. A, Hmith. Laboratory and ield ptmliei lii 
letermine^ the fungieidal ami phytoeldal properties of sodiiiiii, iron, lead, r.i««% eopper, 
=iilver, and mercury dimethyl, diethyl and dilmtyl dithiocarbaimites IniHeate lliiit the 
iimethyi eompoumisj as a group, the more toxic to spores than thow of the tlielhy! and 
iibutyl series. The soluble sodium salts were phytoeklal, as were some of tlieir iiiVtalliff 
lerivativas. The copper and mercury salts W’ere {nisafe to use on apple^ peiicii^ iiiid beam 
The Icfiid salts caused no Injury to these plants but the iron, zine, and silver fiuiipoiiiMli 
•aused some injury under cfertain conditions. Weathering appeared to eliaiige the iron 
ind zinc compounds so that they injured peacdi leaves. Lead dimethyl dltliimuirbmiiiile 
s the most promising of the group testtul. One season hs test against apple nvnh in Mar,?* 
and and AHsKouvi indicated that iron ami lead dimethyl dithiocarbamati’s cmild hi* safely 
ipplied to apple varieties and ■would control scab under the conditions prtfvaiHiig in 11141, 
^each scab and peach brown rot tests in Alaryland .showed that iron dimethyl dilliiO' 
■arbamate ■would control these diseases, but that it may injure foliage and didny frtiit 
aatnrity. It did not control cherry leaf spot in Maryland. 

CompatihlUtg of Diluent Dusting Maiermls with Copper Ftmgmties with aiifl wifimut 
'aUium Arsenate. Goonwisr, M. W,, S. L. HoffeestbaOj and Iv. d. Kaccav. Kampkn 
f duatH, both with and without calcium arsenate, W'ere prepared, nsirig 4K 
ihient materials, each with red cuprous oxide, tribasie copper sulphate and copper oxy- 
hloride. These were analyzed for pH, •umter-solnble Cn, and water-soliilde A%CI., It h 
pparent that the pH of the mixture is a good indication of the amount of water soiiibk* 
apper liberated. There is a good correlation between pH and water-soluble copper, wlfli 
le danger point about pH 5.5. Below this pH, amounts of wuiter-Koluble capper »re 
berated that could bo injurious to plants. When calcium arsenate is presenl, mi wntcr* 
jluble copper is liberated because of the presence of free calcium, which, in ’every fuse 
^sted, kept the pH of the mixture well above pH 5,5. Such is not true In the eWe of 
ater-soluble arsenic. Different calcium arsenates produced varying results. Ah a geii« 
^al rule, when dealing with the same calcium arsenate, the lower the pH, the liiglier tlie 
ater-soluble arsenic. Above pE 10.0, very little water*8olubl6 arsenic is Hberatcil. fbiw- 
an*, the character of the arsenate itself, rather than either the diluent or copper used, 
ill determine the safety of the dust mixture. Limited studica witli ceiiain iirganic 
aterials added to dust mixtures indicate that the above generalizations do not nlwuxa 
)I.d. < 

Soil Fauna in Felaiion to the Fit Seah of Fotatoes. Granovsky, A. A., ano A, 'M. 
KTERSON. Further field studies of soil mkrofauna, habitually found In lesions of pit 
ab of potato (Actmomgccu scabies) show it is not normally responsible for scab Ini'w^ 
m. About 50 per cent of pit-scab lesions were found infested -with si>jl fauna, |na- 
uninately mites, annelids, and nematodes. Other pits are free from animal life, ’onlv 
single record of -what appears to be Fngxia scaUei is known from the State in the rmst 
ar. This insect is thought in other States to he responsible for pit scab. The liiirh 
sidenee of the disease and the scarcity of the insect requires a diff'ereut iuterpiretution 
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of the problem. The maggots of Mycetophilidae are rarely found in the pits. Those 
found, arc either Svlara paucisetaj S. nitidieolUs and species closely related to Ford’ 
pomiiiii pilo^a, ]\[ore frequently encountered are several minute species of Collembola, 
belonging to Sminihurklac, Isoiomidae and JSntomohryidae, The most common inhabi- 
tants of pit-scab lesions are mites — MMsoglyphus hyacinth^ Fh. phylloxerm and species 
of 'MarrocliclHs, Chaylctus^ and Uropodidae, Most of these are scavengers or have pre- 
dacious ha{>its. Next in abundance are the young stages of annelid ■worms, which feed 
in tin* lesions and often completely clean the pits of decaying organic matter. Pit scab 
is tlu‘ 1‘esult of interaction of a physiologic race of Aotinomyces scaMes, secondary bac- 
terial d(‘eay, and niycetophagons soil microfauna. 

A Shidy of the Control of the Yellow Dwarf Disease of Fotatoes* Hansing, E, eI 
Y(‘llow dwarf can be most effectively and satisfactorily controlled in New York Btate by 
the use of potato varieties that escape infection under conditions favoring a moderate to 
liigh s] tread of the disease in the field. In several replicated experiments the varieties 
Arran Banner, Chippewa, Golden, Houma, Jubel, Katahdin, Sebago, and Warba had less 
than 2 ]>er cent infected plants. The percentages of infected plants for Pusset Burbank 
was 2 to . 11 , for Rural 3 to 29, and for Green Mountain 6 to 53, The percentages of 
infected plants for 20 U. 8. I). A. potato seedling varieties ranged from 0 to 72. The 
incidence of yellow dwarf was partially, reduced by such factors as location of the potato 
lield; date of jdanting; use of shielding crops; roguing current-season infected plants; 
early harvesting; and the selection of potatoes for seed from the middle of the field. 
Ap])lication of dusts and spray, such as pyrethrum and celite, sulphur, or Bordeaux mix- 
ture, Jilso reduced the amount of infection. Factors of little or no value in the control 
of tlie disease were: application of commercial fertilizer, roguing tuber-borne infected 
plants, :aul selection of large tubers for seed. 

Xtir Suserpfs of the Foiaio Yellow-dwarf Virus. Hansing, E. E. The following 
species of jfiants belonging to 3 different families were found to be suseepts of the yellow- 
dwarf virus: Crassulaceaer—Kalanchoe diagremontiana, GYxic,iievsiQ-—BarT)area vulgaris 
and Cap,sella hursa-pastoris and Leguminosae — Medteago lupulina. K. diagremontiana 
is an ornamental species introduced from Madagascar, The other 3 species are fairly 
common weeds in western New York, where epiphytotics of yellow dwarf occur. The 
following new varieties of known susceptible species also have been found to be suseepts 
of the virus; TrifoUum pratense var. Mammoth Red and Trifolium repens var. English 
Wild White and var. Kent Wild White. 

Biological Control of the Mealy Bug (Fseudococcus spp.), Harbar, J. G., and J. J. 
McKelvey, Jr. A fungus, previously reported as a vinilent, specific parasite of the 
mealy bugj has been investigated as a potential control of this greenhouse and orchard 
pest. Laboratory experiments under controlled temperature and moisture conditions were 
entirely successful in the destruction of mealy bug populations. Snbsequently, similar 
experiments were carried out in greenhouses with equal success. Observations in apple 
orchards indicate possible high mortality of mealy bugs from natural infection and that 
the artificial addition of inoculum added may be beneficial. From data obtained, it is 
evident that the pathogen is rapid and positive in action under favorable conditions and 
will destroy mealy bugs in all stages of development (exclusive of the egg stage) . Under 
unfavorabie growth conditions, the fungus produces highly resistant compound sclerotia 
that may remain viable several months. These sclerotia are responsible for the persis- 
tance of the parasite in the field and greenhouse. The name Endosclerothm pseiido- 
coeem is suggested for the pathogen. 

The Behavior of Endothia parasitica on Chestnut Trees in California. Harris, M. R, 
Three chestnut orchards, located near Stockton, San Joaquin County, California, have been 
found infected by the chestnut blight fungus {Endothia parasitica) . Two of the orchards 
have been observed since 1934 and a third since 1938. The disease is not known to exist 
elsewhere in the State, although chestnuts are widely planted both as shade and orchard 
trees. The origin of the disease is not known, but the fungus probably was brought in 
on cions secured in Eastern States. Observations on every infected tree found over a 
period of years failed to show any evidence of the perfect stage of the fungus, but pyc- 
nospores have been noted on a number of the trees. Lesions of the fungus have been 
found less often on the limbs and trunks above ground line as at ground line or below it. 
Contrary to the experience with the disease in Eastern States, the fungus has been very 
largely spread by pycnospores carried by irrigation water. There is no evidence of spread 
by air, birds, or splashing rain. A few trees have been infected by contaminated pruning 
tools. Control of the disease is being carried on by inspecting the orchards twice a year 
and destroying infected trees. Present indications are that it may eventually be 
eradicated. 
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The Miiiifmn o/ rHumhi Ih fo Crmrn^ffaU IhTfhiinmnl. Bii* it IV., A J, 

Riker, axb B. AI. BraciAE. Boini* nUtwm c»f %'itfimlfi IV t« rmwn gall tlc‘rrlr4|im 'ii* 
tomato km? hwii HtmliHl witli the lliycmmw-tH mmiy. Altaniiii Ih 'ireiitiiiilfilMl 
iiiaxiimim fwirimtratioii at iarieiilution points 1 %veek after l1o- 1 1, 

eoiieeiitmtioii in galin remained fairlv eoiwtiinf from 3 to 3 \vm>kA after iioiritlui 
(luring the period of ra|’ilci iiierease In nm\ The B, rmieeiitmtion In gulls* ii|i|‘>rii,mio'd Iho* 
in the growing tip of the hf»st phiiit, %Vfis soiiifwi'liiit greater thaii tliuf in nialiirr' 
anti was iiiueli greater Ilian that in mature stems of either iiiwiilnfed or l•o1lfrel 
Ttmpfuaitures ahovi* and lielow the maximum for gall ftirimilioii Imii imi efrel i»ii llie U 
eoueeiitratiim in imumlated plaids. Oiilk produeeil lix it parllr fittenniited milture ef 
liiMt far^h nn eoutaiiUMi as high fi eiiiii’eiitratioii of IV, as did flu* galls pi'^e 
cluiaai liy tlie virulent eiiltuiau The haelerial eelk of the fiarlly nttiuiiiiileii eiiilure rep 
taiiiiHl as iiiueh Titaiiiin Bj as thi lu'lls of the viriileiit etilfiire. Tliiw, vitiiiiiiii B 11105* he*l|i 
hi tht‘ iiihhitioii of mnvii gull, Imt It iIcwh not smmi to huv^ 11 eniiwil role sii gall ilrvrhip 
iiieiit Imymiii timi of iiuj iieeessary fowl or grinvtii fart or. 

Impftm'i'i ConimI uf Altmmrm (Eftrlp Bliifbf) m fmimimn ft«i re«fr«lliiip 

Fleu BntirH. llEriiEECidR, John W, An experiment waa designeil to lieteriniiie fjie tier! 
(vf cleiris cm tlit‘ proft^cilve value of several eopper rcnnpoiiiMln (Bordeniix, trilfiwif coppei' 
sulphate, eopper oxyeliloride, yellow enprons oxide* ami red riiproiw oxide) » a|‘*|di* 

eat ions were miidcr{Jiine :iii-Awg. 21). Flea beetka worn aliiinilaiit during diiiie iifid 
July. Rf‘ford« on July 28 ami Aug. H nii «irre8|Kiiidliig pliits fcwiving e«ji|o*f ahuie anti 
eoppcT-fkrriH, as Hprii)" or diwt, showed tlml Oie fopper-derrin plots liiid fewt'i* lirellr- 
feeding piimtlnres, fewer Idlglit am! miseli leim ilefcdlatlciit tliiiii the *o|i|ii*r phfts, 

Dorris, hy eon! roiling l>eeth*«, lin|irtH*ed WIglit font rot In two ways; (1) rediireil llie 
mimber of wanmds (feeding piimdures), wdilfh serve as infeefk^n foiirts, ami (‘i| reilnfoil 
dissemination of Jlt^marm npoies. On Hi^pt. H the fopper-derrls plots util! hiitl less ile- 
foliation, even though k^etles clisappeared by Aug. 1. Tims, the deleteriniw aft inn tif 
derris on eopper e&etivcmess, ret?eiitly reported, apparently was oYerlmlftiir«l hj* Die 
henefifial effwt of lieetle rontrol earlier in tin* seascfii. The folknvitig seliediili! stionki give 
effective blight control in areas where beetles are present early; eopper-derris while Ifivtles 
arcs present, followed by copper alone at ICBHulay Intervals after the beetles 

MffeH of Copper Conienf^ Compleltnem of Jrlmljhiro nf Copper and Ihlmnt, nwl 
Naiuro of Diluent on FuM Performance of <*opper Duxf^i, llr.rBEEiiEM, John W, Fopper 
eompounds tested wwe eoppw’ oxYtddoride and red and yellow fiiprims oxide; diiit di- 
inents were Pyrax ABB, Eastern Atagiiesia #23 Tale* Looitiltill Tale, Banff oft Clay. 
The dust materials were tested also as sprays to eliminate sneh factors ii« friietiotiatinii 
m duster, flowabiltt^", denseness of dust cloud, settling rate, etc, Alaterials were testfil 
on tomatoes for c*oiitrol of JJIernarm minni, using a 6-applieatlcm sfliediik>f (June 30- 
Aug, 21). AletalUe copper content was 1.3-lOP for sprays and 7 per cent for iliwfs. 
Using hand equipment, both were applied in similar fash ion to deposit 3 lb. metallic 
copper per acre per application. Increasing copper content from 4 to H per cent iii« 
creased control from 18 to %16 per cent; improving completeness of adiiiixtnre of ciqipcr 
diluent in an attrition mill increased control from 16 per cent for origliifil sample to 
33 per cent; the nature of the diluent iafineneed effectiveness of copper f,/;., tlesceiidiiig 
Older of control with same copper, as sprays, was Bancroft Clay, liooinkill Talc, Kiisterii 
Afagnesla Tale, Fyrax ABB, while the order, as dusts, wms Looinkll! Tale, Bancroft C!liiy. 
Eastern Magnesia Tak, Fyriix ABB. When applied In same fiwliion, similar inaterialH 
used as sprays and dusts gave approximately er|ui%-alent controL 

Tranummlon of Pierce\s* IHsmm of Grapeimes tvUh a Leaf Moppii\ IIkwitt, Wxi. 
B., M. W. Frazier, and Bteon E. Houbton.’ The natural spread of 'l'*ierce*» diweasi' of 
grapevines indicates an insect vector. In 1939, 64 apeedes of insects eollectt*d from 
vineyards, alfalfa, and natural cover were tested In a ield plot as poRsible vectews. Ten 
of the 94 viiK‘s upon whitdi one or more specks of insects were caged and only out* «*f 216 
control plants developed Piereo’’s disease. Sixty insect species were Eimilarly te?<led in 
1940. Sine of these test plants developed disease, 6 out of 21 caged with leaf hoppers 
of the genus Drafeulaeephala and 3 out of 19 with the genus CarHfiHwphalih and only 
6 of the 506 control plants developed disease. I.(eaf hoppers of the genus Dnn 
were further tc^sted in 1041 under controlled inseetary eonditious. To datt‘, 9 viiief lii 
these tests show leaf scorching and cane immaturity, typical fail symptoms of Pierce's 
disease. Field observations show a close correlation between the ineidfoice of Piern*\s 
disease and alfalfa dwarf. Insects that transmitted Piercers disease in 1949, thoiigli fed 
on diseased grapes, had been collected from alfalfa fields known to liave dwarf. In tin* 
1941 tests the leaf hoi>pers that apparently transmitted the virus liad been fed on alfalfa 
dwarf pi a Jits. 
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'Host Response of Maise Seedlings to Rythinm graminicolmn. HOj Wen-Ohun, and 
James M. Koeppee. During the past 3 years open-pollinated varieties, inbreds, and 
single and double crosses of maize, grown in the greenhouse and field, varied widely in 
their response to Pythium graminieolum. In 14 varieties studied, Kossuth County Beli- 
ance and Stern Yellow Dent were most susceptible; Black Yellow Dent and Krug were 
i-esistant. Although the majority of the 15 inbreds tested were susceptible, Ldg (K), 
BL'ick 349, Laneaster 289, Osterland 426 and Hy showed some resistance. Combinations 
of these less susceptible inbreds, in general, were the most resistant of all single crosses 
tested ; lodent 205 X Black 345 and lodent 205 x lodent 234 were vei'y susceptible. The 
Jowa, hy])rids, Iowa 13, Iowa 931, and Iowa 939, seemed the most resistant of the 23 
<loubU‘ crosst's examined. The injury caused by P. graminieolum in combination with 
oth(‘r t)athogens was studied. Combinations with Rhwocionia solnni, Helminthosporium 
sativum, or Diplod ia z^eae increased the amount of injury. Combination with Penicillium 
(Kralicum showed the same disease severity as Pythium graminieolum alone, but combina- 
tions with Aspergill ns niger or Triehoderma caused less injury than Pythium 

graminieolnm alone. In general, the symptoms from P. graminieolum and those from the 
active pathogens were distinct, but the destructive effect was additive. In combination 
with weak j)athogens, symptoms of P. graminieolum prevailed, but the destructive effect 
was subtractive. 

The Sorghum RooDand-stalls-rot Complex in Oklahoma. Hoeb^mastee, Donaed E. 
Binco 1939, a serious root-and-stalk-rot complex of sorghums has been under observation 
in Oklahoma. The disease complex may first appear when the plants are 3 or 4 inches 
tall, resulting in a seedling blight, and may continue to attack the surviving plants dur- 
ing the growing season, resulting in stunted plants with small^ poorly developed heads. 
The symptoms of this disease complex closely resemble those of the Milo disease, but 
repeated isolations have failed to yield Pythium arrhenomanes. Instead, isolates of 
Pusariim, Bacteria, Sclerotium hatatieola, Helminthosporium and Pythium (listed in 
order of prevalence) have been secured. Greenhouse and laboratory tests indicate that 
Pythium (not arrhenomanes) and Sclerotium hataticola are capable of causing seedling 
blight. The ability of Sclerotium batatieola to cause seedling blight is of especial 
interest because of the frequent occurrence of the fungus in stems of mature plants 
affected with charcoal rot. This is a disease frequently observed in plants subject to 
adverse environmental conditions. 

Transgressive Inheritance of Pathogenicity Factors in Hybrids between Two Races 
of Tilletia iritici. Holton, C. S. Evidence of transgressive inheritance of factors for 
pathogenicity has been obtained from studies with hybrids between races 8 and 9 of 
Tilletia iriticL These races differ in that Hussar is susceptible to T-8 and resistant to 
T-9, while Hohenheimer is resistant to T-8 and susceptible to T-9. Hussar x Hohenheimer 
selection, G.I. 10068-1, is highly resistant to both of these races and all other known races 
of the bunt fungi, while Hybrid 128 is susceptible to all races. However, 4 hybrids be- 
tween T-8 and T-9 prove capable of infecting all of these varieties and one other hybrid 
was pathogenic to Hybrid 128 only. The infection percentages on C.I. 10068-1 ranged 
from 29 to 56, thus indicating a rather high degree of susceptibility to the race hybrids. 
Furthermore those hybrids capable of infecting all of the above varieties were more virulent 
on Hohenheimer than T-9 and less virulent on Hussar than T-8. Apparently, therefore, in 
these hybrids between T-8 and T-9, transgressive inheritance of pathogenicity factors re- 
sulted in the production of biotypes possessing pathogenic properties, not only distinctly 
different from those of the parent races, but different from those of any other known race. 
(Cooperative investigations of the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, U, S. Department of Agriculture, and the Washington Agricultural Experiment 
Station.) 

The Fffects of Mustard Oils on Germination of the Resting Spores of Plasmodiophora 
brassicae. Hooker, W. J. The effects of two mustard oils (allyl isothiocyanate and beta 
phenyl ethyl isothiocyanate) upon spore germination of P. brassicae were studied under lab- 
oratory conditions with partly purified suspensions of spores and various concentrations of 
oil. The extent of germination was determined by counting the number of zoospores 
within a field of knoTO volume at daily intervals. Although the exact concentrations at 
which germination was prevented varied with different spore lots, both oils were con- 
sistently effective at 80 p.p.m. and sometimes at as low concentrations as 10 p.p.m. of 
allyl isothiocyanate and 5 p.p.m. of beta phenyl ethyl isothiocyanate. Concentrations of 
both oils below the toxic level were found capable of definitely stimulating spore germi- 
nation. This occurred in each of the 8 experiments carried out with allyl isothiocyanate 
and with 2 of the 5 experiments involving the phenyl ethyl oil. Stimulation was greater 
in the 2 cases with phenyl ethyl isothiocyanate than in similar concentrations of the allyl 
oil prepared and observed at the same time. These observations suggest that a toxic sub- 
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stance present in the host may have a stimulatory action upon the iwthogwi at (•.■rtion lu.t 
eoiieentratioiiB. 

Comparing Fimgieides at Dosages for Equal Control Hoesfall, James I».. am'i 
Albert E. Diamond. While making a qmntitativo study of fungkdde iivthmmimr, 
developed that comparison, through (1) dosage^f or-equahconl rol was iiipit scihi!i%o uml 
more informative than (2) eoiitrol-for-eciual-dosagc. Dosage for eqtml t-imlrol cait h 

be obtained by interpolation or extrapolation on the straight line olitfiiiieil imm lle> 
logarithmie-probability plotting of data. Control for equal dosage lias a hnv -od-*' 
sensitivity because the control scale is limited by a ceiling of per emit. 
dosage scale is unlimited. Sed and yellow copper oxide dusts applied to iiiiiskuirlnfH 
against Maerosporiiun cucutnerininn in 1941 are useful illuKtratiouH betauHe tie- 
of the curves are parallel. The ratio between the two on the eonlro! scale for miiini 
dosages of 9 per cent metallic copper in the dust was 1.12, hut this ratio was iiiagriilinl 
to 1.77 on the dosage scale for ecpial control of 80 per cent, A more serituis liiiittatioii of 
(2) is that the ratio in performance of the two materials changes along tlo' ali\ 

rising to 1.24 with equal dosages of 4 per cent, l^inally (ride Diamond acrompativiug 
abstract) the occasional inversion in rankings of materials may )»e detected iii tlic drp.it 
obtained in making a comparison at dosage for equal control. 

Leaf-hopper Transmission of the Alfalfa Dwarf Firm, Houston, Biritix lb. X. W. 
Frazier, and Wai. B. Hewitt. The dwarf disease of alfalfa has recently been finiiid 
prevalent in tlie southern portion of the San Joaquin Valley, California, whi're It In now 
in important factor in the thinning of alfalfa stands. In 1940 heiiltliy grottiiig in 

.arge cages infested by mixed species of insects collected in diseascMl lields rcsultcil in t':i 
)er cent dwarf diseased plants. Transmission tests also were made with imlividual 
)f plant-feeding insects eolleeted in diseased helds. The only cases of traiwiniHsioii were 
n 2 of 3 tests with a leaf hopper of the genus Draeculacephala. A later trial wdlli 100 
ndividuals of this species caged on dwarf plants and subsequently tranaferred to 30 licallliy 
dants -resulted in 93 per cent disease. The virus was then transmitted from «liw- 
ased plants to healthy plants by grafting. Nine transmissions "were later obtiiiimtl with 
mfhoppers of the genus Carneoeephala. In the summer of 1941, insvetary iuoc'iilatiwm 
^ere made involving several species of insects and several lumdred alfalfa plauts. Tu date 
9 transmissions of alfalfa dwarf have been obtained with leaf hoppm’s the genus 
draeculacephala and no control plants have showui symptoms of the disease. 

The Effect of Various Organic and Inorganic Compounds on the Oroudh of Sole rot hiia 
'Xerotiorum, Hoyman, Wm. G, Forty-four organic and inorganic compoiiiuis wvrv 
sted in the laboratory to determine which would inhibit the growth of Svhrotinki 
lerotiorum. When soluble, each compound was added to the medium in concent rations 
1: 1,000, 1:10,000 and 1:100,000. Lest Certain transformations and losses might 
salt from autoclaving the chemicals employed in this experiment were not thus treatCHh 
alachite green, 3,5-dinitro-O'eresol, mereurie chloride, and 2,4-dintrophenol inhibited the 
owth of the organism at the lowest concentration (1: 100,000). These 4 chemicaB w<tc 
ited further at concentrations of 1: 200,000, 1: 400,000 and 1: 800,000 in order to dot er- 
ne whieh was the most toxic. Malachite green and 3,5-dinitro-o-cresol provcnl to be the 
>st effective in inhibiting the growth of Sclerotinia selerotiorum. 

Breeding Cantaloupes for Mesistance to Downy Mildew and Other Dlsmses ami 
iNOFP, S. S. Some progress has been made in breeding shipping-type cantaloupes for 
istance, mainly to the downy mildew (Peromplasmopara mhensis), Bources of re^is- 
ce to downy mildew have been selected inbreds derived from tlie varieties Cuban <’a,s» 
ian and Bocky Derv (green flesh). Sources for commercial shipping qualities havt* boon 
varieties Arizona Nugget, Seed Breeders, and Powdery Mildew Hesistant California 45. 
ae cantaloupe lines thus far obtained in the F^, F^ and F,., generations havt* shown 
)ping qualities combined with varied resistance to dowmy mildew, powderv mildew 
'ysipJie cichoraeearum) , the melon aphid (Aphis gossypii), and to damage cauhVd m\ the 
'es by larvae of Diaphania spp. 

The Nature of Eggplant “FellowsA* Ivanopp, S. S. This serious virosis of <^gg-. 
its in South Texas, characterized by mottling, spotting, and Yellowing of the It^avis 
been found to be sap-transmissible. Its natural vector is stilf unknown. The dist-n^e 
been transmitted to cucumber by rubbing with infectious juice, producing leaf 
:ling. It has been induced on eggplant by rubbing with juice 'obtained from canta- 
e plants grown in the field and exhibiting a type of mosaic symptoms. Efforts to 
imit the disease from eggplants to tomatoes, peppers, potato, and other plants have thus 
failed. Transmission from eggplant to eggplant has been accomplished also bv 
ting and by needle punctnring the stem through a drop of plant sap containing the 
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virus. The ineuluitioii period varies from 8 to 21 days, apparently depending on tlie 
seas<»!i, Hite (»f plant growth, and source of inoculum. The infectivity of the virus seems 
tn iio snn'iously afforted by drying. The virus appears to be closely related to the cueum- 
i>or (»f viruses. 

J .Vm/* Sp ^ ch.s <tf Elsino'6 on Capulm Cherry (Prmius capuU). Jenkins, Anna E. 
A nt‘W spetdos {>f h^lsinor is described. This produces bright leaf spots on capiilin cherry, 
<'losf‘ly roiatrd t(> wild Ihack cherry (Pritmis mirotina). The type locality of the Plsinoe 
is tlio nursrry (tf the Agricultural Experiment Station, Caracas, Venezuela, where the 
fungus was discover<‘d iu January, 1940, by M. E. Barrus and A. S. ACiillei*, who forwarded 
specimrns t(j Die writer for study. ^ The infected tree had been brought fx*om Mexico. 
Act'ordiug to Du* literature Mexico is the country of origin of this much esteemed fruit 
tree, and the cherry was mentioned by the earliest Spanish visitors to the country. The 
peidVct stage* of tlie FJaUioi: is ]>resent in abundance on the specimen mentioned, and the 
imperfeet stag** ( Sjihaa loma) , on a. subsequent gathering (Marcdi, 1941) by Aliiller. The 
existence of Sphact loma on plum (P. {lomestiea) shown by the writer in 1932, through 
la rbowsk i V report of ]iadm(richu7n popuU on this host growing on the peninsula Crimea 
(South Russia ), or iu its vicinity- Specimens are not available, however, as "was learned 
from corn‘Kpon<h‘nc(‘ with Darbowski a number of years ago. During the past few" years a 
iritlu‘rto unreporteii Sphaceloma on choke cherry (P. rirginimia) was discovered in Canada 
and the Tnited States by A. A. Bitancourt and the ■writer. 

The Infinenee of Temperature and Mouture on the Development of the Intermediate 
JjUhse Smut of Barhy. Joskfiison, L. M. Controlled experiments w'ere conducted in the 
greenhouse at Maiiison, Wisconsin, to determine (1) the effect of constant soil temperature 
find soil moisture on the development of smut, and (2) the effect of change of soil tem- 
perature during the growth of the host on the incidence of barley smut caused hj Usiilago 
medians (l\ nigra). Soil temperatures of 5° and 30° C. were generally unfavorable, 
10^ and 25° C. imu-e favorable, and 15° and 20° C. optimum for smut development. Air 
temperature did not a])pear to influence smut development when soil temperature was 
constant. Soil moisture did not give consistent results as a factor influencing smut 
development. (Itanges from the low to the optimum or high soil temperature after plant 
(‘mergence resulted in more smut than maintenance of constant low temperature during 
the growth of the plants. Similar results occurred in the change from the high to the 
optimum soil temperature. However, changes from high to low and from optimum to 
either higii or low soil temperatures decreased smut. The effect of temperature changes 
after the plants had reached the second or third leaf -stage wms less pronounced. 

Physiologic Paces in the Fungus Causing the Intermediate Loose Smut of Barley. 
Jo.*=^EPHSON, L. M. Approximately 100 collections of Ustilago medians (U. nigra) from 
the Xorth Ckmtral States -were studied for their pathogenicity on 17 varieties of spring 
barley, critical tests having been made on 9 varieties. By tests covering a period of 5 
years, 8 jJiysiologic races of the fungus were differentiated. These races can be differ- 
(‘iitiated on the Imsis of their pathogenicity on the following varieties: Excelsior, C.I. 
1248; Himalaya, (M. 2448; Manchuria, O.A.C. 21, C.I. 1470; Wisconsin Barbless, O.I. 
5105; Lion, CAT. 923; and Ilannelien, C,I. 531. Odessa, C.I. 934, is susceptible to all 8 
ract‘s. Rac(‘ 2 was found in Minnesota only, races 4 and 5 in North Dakota only, race 7 
in Illinois only, while races 1, 3, and 8 wei*e widely distributed in the States from which 
collections were obtained. Race 0 wms obtained from New York State, from which no 
other collections were received. Races 3, 4, and 5 are classified on the basis of small 
difft*renct*s in pathogenicity, which make it desirable to further cheek these races under 
different environmental conditions. 

The Compatihiliiy of Fruit-drop Sprays and Other Common Spray Materials. Kadow 
K. J., AND S. L. Hopperstead. Sprays to prevent the premature dropping of apples are 
ra|)idly gaining general usage. When used on early varieties, it is often desirable to 
a]){>ly them along with other spray materials. Naphthaleneacetic acid (Parmone) was 
a})pl*i{Hl to Williams at 5 p.p.m. and to Delicious and McIntosh at 10 p.p.m. in combination 
with Black leaf 155, 3 lb.; Phenothiazine (Mieronized), 2 lb.; Cenicide, 1| lb. + Genifilm 
A, 3 oz. + kerosene, 11 pt. -f Genifllm B, 2 oz.; Bordeaux 1-3-100 + lead arsenate, 2 lb.; 
lime, 20 lb. + aluminum sulphate, 3 lb.; and ground Derris (5% Rotenone), 3 lb. + Grasselli 
spreader sticker, 3 oz. In addition to the above combinations, the sodium salt of naphtha- 
leneacetic acid (App-L-Set) was used at i lb. with and without aluminum sulphate, 
3 lb. + lime, 20 Ih. Likewise, Eruitone, which is naphthaleneacetic acid + an amide of it, 
was also used (1- lb.) with and without aluminum sulphate, 3 lb. + lime, 20 lb. The results 
obtained indicate that naphthaleneacetic acid is compatible with all combinations except 
those containing lime. When lime was added the effectiveness of all three fruit-drop 
materials w^as reduced from 25 to 50 per cent. Lime, used as a spray inffredie-nf 
in the season, did not reduce the effectivA-nooc 
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trees later on. (Cooperative study witli Grasselli Cliemkal Departiiientj K. I. da I hisI *ir 
Nemours Co., Wilmington, Delaware.) 

The Troduefioii of Spores of Diplodia ziae iw CiiUure, Kr.XT. O, 11ie pra4iiHinii 
and germination of the spores of Diplodia zme ftirmed wi the host or iii^eiutiiir hi\^ i 
found to vary greatly with the environmental eondhicins. Tlie produrlmii m pm mi 
spores of the most uniformly high germinabilify was swiired hy growing ihiMp mm -p 
oatmeal-extraet agar solidified in a thin layer <»ver the sides and Iwttmn m im Imo r 

flask. The inocuiated flask was ineiibateil in a moist ehamher and exposed !ti light and 
to a temperature of 20° C. After CklO weeks spores so prodneed were siis|iiuiii*’d in 
tilled water, washed twiee and then snspeiided in the genniimting inedinim 2 per rmt 
dextrose, I per rent sfareh, and enrrot deeoethm being eipsaily faMirahle iimler rmi 

ditions. Germination under the stated eonditioiis oeeiirred in Iionrs mol fpiiilly 

high, 95-100 per rent, whether or not the drop was eovertsl by u Tlie pn 

eentage germination was iowtu* if the sponss were from enlturi^H less than il werkw or iii«»r»« 
than 10 \¥eek8 of age. 

Nitfogerh Sources Uiilisvd hp Somc Jkuderitd .Phtnl PufhofiC'Hn^ l\itKr, <». C. Tlie 
sources of nitrogen utilized by the peritrkdioos imeterial plant pathogens were stinlied im a 
possible adjunct to their classification. A test of usage %viis eousid«*ri»ii m only 

if the bacteria survived after 5 Buceessive transfers at 48*hour intervals in liiiiiiil iw^diiiin 
containing nitrogen in the test substance only. By this eriteritm, and with glyrernl ns h 
carbohydrate source, it 'was found that cidtur(»s designated ns Ikmihm mmhmpm, Ji, 
phy tophi horn and B. aroidae eonh! iitilize iiitr<»gt»n in the orgiiiile «r Itnirgiitif fiiriip 
whereas B. amylovoniSy B. ira^heiphtluHf and B. sativis could litillze .only eiii«|!li‘x orgiiiiir 
forms of nitrogen. Of 2 cultures designated as B, laihyri one could iitllisse iiitrugeii sih 
nitrate or ammonia, whereas the otlier could utilize only aminonia*nitrogi*ii, in jiddifioii to 
the organic-nitrogen forms. 

Beaction of Varieties and Seleeimis of Oats to Pseiuk^monm eomimfaeictm, KiXfi- 
SOLVER, G. H. Epiphytoties of halo blight occurred in Iowa in 1949 and 1114 1. Tin* 
varieties Hancock, Marion, and Boone were more heavily infected than Fiilgliiiiri, Gopher, 
Columbia, and Albion. Data obtained from breeding nurseries at Aincs anil Kinnmlitt* 
Iowa, conflnned these field reactions. ■ Most selections from the cross Marktoiix Biiiniiow 
were heavily infected. Selections of Victoria x KichUmcl sliowed niiuiernte iiiiiwiiits of 
infection; a few were only slightly infeefed. Most selections of Anthony x Bond sliinveii 
moderate amounts of infection, however, the range was grt»ater tlmn in the Alctoria v lirii 
land selections. Almost .all selections of D69xBond were outstanding in their Tebitivi* 
freedom from infection. This was of interest because selwtiona from this cross wt»f«* 
resistant to most races of both rusts and both smuts. Certain of these" selcHdions will bf 
increased in 1942 for possible distribution to Iowa farmers. Most selections from croi^.*» 
involving Mutiea IJkraina, (Victoria x Richland) X Columbia, Gopher x Boone and (Bo«d>: 
Anthony) X Boone showed very heavy infection. Selections of (logoW x Bond) X Boone 
showed consistently a moderate amount of infection. In A vena hyzautina, Bmub Fulgloim. 
and Victoria were outstanding in their freedom from infection/ i'reliminarv grrenhouHo 
trials have substantiated field data. (Cooperative investigations of Botanv and Flnni 
Pathology Section, Iowa Agricultural Experiment Station, and Bur(*au c»f Plant Jndu-vtin, 
XT. S. Departmen tof Agriculture.) 


Besistanee in South American Lycopersteon Species to Party BUghi and Srpikma 
Blight, Locke, S. B. Apjflication of a laboratory test to approxinmteh 50 st lections 
embracing 5 South American Lycopersicon species revealed in B. hirmttum resistance to 
Septoria lycopersici and Altcrnaria solani, the causal agents of Beptoria blight and eurlv 
blight, respectively. The laboratory test also showed the Pt hybrids of tbe cross A. rsen^ 
lentumxL. hirsutum and the resistant parent equally resistant to Beptoria blight, Inil 
intermediate with respect to early blight. Defoliation ‘and leaf-spotting data, obtaiued in 
the field in 1941 under severe attacks by Septoria lycopei^sieu are in agreement with those 
from the laboratory tests. A field test for early-blight resistance was not idduimn! Field 
data also indicated an approximate 1 to 1 segregation in the first backcroHs to tlu* stis- 
ceptible parent with respect to Septoria-blight resistance. While these data, an* noi 
enough to establish the mode of inheritance, they do suggest that resistance to 
blight may be associated with a single, dominant genetic factor. 

Biotypes within Puceinia graminis tritici, Bace IS, liOEGERixo %V Q .\Nn E C 
Stakman. It has been known for some time that there may be biotypes wltinn some 
physiologic races of graminis tritici. Race 15 appeared especially suitable for 

study because eollecBons of this race have fallen into two groups, designated for con- 
venience 15A and 15B. Race 15A has been found in Japan and the United States. Race 
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15 B iias been found coinnionly in South America and is not uncommon in the United States* 
The latter is somewhat more jjathogenic to some of the differentials than the former. 
Inoe Illations were made with representatives of both groups on several rust-resistant 
yaivieties of wheat and emmer, Eival, a newly recommended rust-resistant spring wheat, 
is resistant to 15A but completely susceptible to 15B, both in the seedling and adult-plant 
Ktagr*s; hence it can ])0 used as a differential. It is probable that the addition of other 
muv varieties to the grou]) of differentials may make jiossible a finer analysis of other 
physiologic races also. Practically, it is important, in testing for resistance, to inoculate 
new va riot it's witli representative collections of races unless their composition is well known, 
((.'ooperutivc investigations, U. S. Department of Agriculture and the Minnesota Agricul- 
tural Experiment Station.) 

The lirnponsr of Some Field Crops on Soils Treated mitli Chlorpicrin. McLaughlin, 
J. Hakvky, and 1. K. Meltuts. Duplicate soil-fumigation experiments were conducted on 
black, lu'avy Clarion loam and on light, sandy Bnckner soil. These soils were treated 
with chlorjiicriu in Se])tem])er, 1940, at the rate of 480 lb. per acre. Crops planted were 
oats, wlieat, flax, barley, alfalfa, and sugar beets. Seedling-stand counts showed impor- 
iant differences in favor of treated over untreated soil. Isolations from seedling roots 
yitdded fewer pathogens from treated than from untreated soil. The green and dry 
w(*ights of the harvested crops showed pronounced differences in favor of treated over 
untreated soil with one exception: a planting of alfalfa on Clarion loam soil. G-rain 
yields for the small grains and flax grown in treated soil varied from slightly greater to 5 
times as great as the yield for those grown in untreated soil. The sugar beets grown in 
treated soil w€‘re 3 to 10 times the size of the beets in the untreated soil. 

Wit ekes ’ Broom of Alfalfa in Washington, Menzies, J. D., ani> P. D. Heald. A dis- 
eased condition of alfalfa plants, characterized by the production of an abnormally large 
number of dwarfed, spindly shoots, has been reported occasionally in the northwestern 
States since 1924. It appears to be very similar to the destructive -witches ^ broom virosis 
of alfalfa in Australia, but, in this country, has been considered to be of minor impor- 
tance. Within the last 5 years, however, witches^ broom has become epiphytotic in the 
Methow Valley of Washington, rendering 3- and 4-year-old alfalfa stands unproductive; 
in some eases it has completely discouraged reseeding to alfalfa. It is not uncommon to 
find fields wherein over 70 per cent of the plants are affected. Data suggest that this dis- 
ease is due to a virus. Transmission attempts were made in 1940-41 using mechanical 
methods, gi'afting, and possible insect vectors. Limited variety trials show that the wilt- 
resistant varieties Ladak, Turkistan, and Hardistan are among the most susceptible to 
witches’ broom, and no variety tested has shown marked resistance. 

Bhysiologic Baces of Ustilago tritici. Moore, M. B. In investigations covering 6 
years, at least 5 distinct physiologic races of Ustilago tritici have been distinguished by 
the relative ability of collections from different sources to cause infection on certain bread 
wheats and cluriims. In general, collections cause abundant smut in only one or the other 
group of wheats, although some can attack certain varieties in both groups. Most field 
collections have behaved like single races and have remained relatively constant over a 
period of years. In at least one ease, however, there Avas a tendency for the virulence of 
a collection to decrease after successive annual inoculations on the same variety. When 
certain races were mixed, it was possible to separate them again by inoculating appro- 
priate differential varieties, even after the mixture had been grown 1 year on a host 
equally sinseeptible to the component races. What was apparently the same race has 
sometimes been obtained from geographic regions as widely separated as Texas and the 
spring wheat region of Minnesota and North Dakota. 

Shidies on the Performance of Fungicide Biluents, Their Base Fxchange and Copper- 
adsorption Capacities, Nikitin, A. A., and E. G. Anderson. It was found that com- 
mercially available dust diluents vary in their chemical composition, base exchange 
capacity, and adsorption properties. The term ^4nert/’ adopted for these materials, is 
misleading, since actually they have a great influence upon the i)erfonnanee of the copper 
fungicide. The difference in their behavior toward the copper ion is due to the difference 
in their base exchange capacity and to the variation in their physical properties, such as 
adsorption. The variation in the base exchange and copper adsorption capacities of the 
dust ingredients is of particular interest. The adsorption capacity of talcs for copper 
approaches that of limestone, while that of clays is much less than that of talcs. The 
buffering action of diluents possessing high adsorption capacities for copper may be bene- 
ficial to crops most sensitive to copper injury. Less adsorptive materials may be suitable 
on resistant plants. Adsorption properties of diluents also may protect against leachinp- 
of soluble copper by rainfall. Spreaders, such as whPQf - 
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eliange tlie adsorption capacity of tlie diluents. It was found -tliat ttie lidsprpticiii eaiiacily 
of tale was reduced by bentonite or flour. 

Pathogenmly Studies of JRhhocfoma Isahties on mol pfoth^, L. II. 

BMzoetoBia cultures were isolated fnmi single selerotia frcuii frimi 

North Dakota, Maine, and Ccdorado. From 65 of the8t% tested on |totatP slertiH in 
ked soil, 23 were non -pathogenic, 27 only slightly pathogenic {prodiiriiig wily liglit, siipn* 
ficial lesions), 13 moderately pathogenic, and only 2 prodiifed severe le?.ioiw.. Two imkitrn 
from sugar beets and 2 from bean stems produced severe lesions on potato pIcwh. while 
one isolate from bean and one from cauliflower produced moderate lesions. Of flic ihl 
potato isolates tested on bean seedlings, 54 were nmi'piitlmgenic. !» prwhiceil oiily sliglit 
superficial infection centers on 16 out of 267 seedlings, liiid 2 were only sliglitly |iatlifigeidf , 
producing small but definite lesions. The bean, sugar-Wt, limUmiirillirnTr pro 

duccd moderate to severe hsiunH on the bean seedlings. In previous ivork iii«joibli?»lio| i 
11 potato isolates in ll different tests were found nompalhogenie mt htiiii sreiiliiigs. This 
indicates that Khizoctonia isolates obtained from potato tubers are not piifliiigeiiic on b**aii 
seedlings, and that lesions associat(*d with potato stiuns are i^robably to a gr«mter e\fral 
caused by soibborno Rhizoctonia tlian by Hhizoctonia developing from the scleriitiii borne 
on the seed potatoes. 

Physical and Chemical Adaplafian and Pnrirmimrnkii ** Parry flrrr^* Harris m 
Pstilago 2 cae. Peoty, Milton A. A constant haploid monosporidiiil line of Pulilii/m srae 
was grown for 7 eontinnous cultural gtmerations at libout 2P th, al 11*2^ th, and 35* K\ 
Duplicates w^ere exchanged among the temperatupOH. At 32^ th aiid at 35^ i\ tlieri* mme 
13 mutants, 1 temporary variant that persisted for 2 generatioiw, iind 2 vnripits that «lld 
not persist beyond the generation of tht?ir origin, fi'he constant and a vaHable Imploid 
monosporidial line were grown as many as 9 cultural generations on synthetic tiiedia con* 
taining sodium arsenite, mercuric, ferric, and sodium chlorides rvliose coneeiitraliMis were 
usually increased each generation. Cnlturea thus gradually adapted grew fin a 11.558 
per cent arsenic medium, but unadapted cultures failed to grow. IStiitathma offiirreci 
frequently on arsenic media in both lines. No definite results w’ere obtaiiied mitli eitlifr 
mercury or iron media, as the results w'ere quite variable from genera! ifju to geinwation. 
Both lines of U. zcae grew faster after 3 generations on a 10.8 per cent sodium chlcirifle 
medium than did first-generation cultures. This was apparently an {»Himdie, adaptation. 
In eonelusion, acceptable scientific proof was not obtained beeause the posHibility of 
mutation could not be eliminated in the experiments. 

The Reaction of Cantaloup Strains to Powdery Mildew in the Greenhouse and in the 
Field. Pryor, Dean E., and Thoaias W. Whitaker. iSymptoms of cantaloupt* ^lowtlery 
mildew were separated into 5 classes. Utilizing this classification, the problem of coin- 
paring symptoms in the greenhouse with those occurring in the field has been approached 
by two methods. (1) A comparison has been made of the symptoms in strains of canta- 
loupes artificially inoculated in the greenhouse -with those of |llants exposetl to naturai field 
infection. Of the 18 strains tested in the greenhouse, all except one higlily resistant strain 
showed a 4 reaction (most severe). Infection on these same strains in the field varied with 
the planting date, being more severe in the last two planting.s than in tin* first one. 
Except for the last planting, in which all the tolerant and .susceptUde strains gave a type- 
i reaction, a majority of the tolerant strains w^ere superior to the susceptible chVek. 
(2) Records of individual plants tested in the greenhouse, then transplanted to the field, 
ndicate that if all macroscoiiic symptoms be taken into account, susct^ptible plants can bi» 
eliminated dependably in the greenhouse. These experiments have served us a basis for 
he development of a greenhouse technique that provides an accurate and practical method 
f judging the mildew resistance of cantaloupe without the time or expense involvefl in 
ield trials. 

The hifluenee of Vitamin R, on the Development of Cantaloupe Powdtrn Mildew. 
taOR, Dean E. Of the two melon strains employed, the susceptible varietv \YaH readilv 
ttacked by race 2 of Frysiphe cichoraceanm, while the resistant line developeil necrotic 
)ots following severe artificial inoculation. When thiamin chloride in various concent ra- 
ons was added to soil in which diseased plants were growing, the number of colonics 
1 the susceptible melons was increased 30 to 50 per cent, and necrosis on the resistant 
rain 110 to 180 per cent over the controls. The differences were statistically significant, 
hen leaves from mildew-free susceptible plants were excised, inoculated, and maintained 
I a sucrose solution to which various amounts of thiamin were added, non-significant 
creases in mildew resulted. When leaves from mildew-free plants, growm in thiamin- 
3ated soil, were excised, inoculated and maintained on the sucrose solution alone those 
m plants previously watered with .01 p.p.m., thiamin solution produced barelv signifl- 
atly, more mildew growth. " ® 
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Experiments on the Tellows Disease of Sour Cherry (Frunus cerasus). Rasmusseit^ 
3'L J.j AND Donald Cation. Cherry yellows was transmitted by budding from cherry to 
(dierry, eluu'ry to peach, peach to peach, and peach to cherry. Inoculations in 1939 on 6- 
year-old ^Montmorency cherry trees resulted in symptoms 2 years later, while 1940 inocu- 
lation of spring-planted Montmorency year-old nursery trees produced symptoms the fol- 
h)wing year. Control trees showed no symptoms. Three strains of cherry yellows have 
been differentiated by reactions on peach and Mahaleb cherry. Peach trees proved an 
excellent indexing medium for cherry yellows, showing symptoms the year following 
Inidding in all cases. On peach, die back, streak, and spot necrosis in the cortex and 
retarded foliation are characteristic of all strains of the virus. In addition, chlorotic 
mottling, leaf distortion, shortened internodes, and dwarfing of the tree result from 2 
strains. One strain is milder on peach, another produces ring spot on Mahaleb leaves. 
l\*ach tre(‘S did not react to inoculations from normal cherry trees. Known varieties 
of p(‘aeh, such as Hale and South Haven, reacted uniformly to a given strain of cherry 
yellows, whiU‘ seedling peaches reacted variably. Eight soil treatments were ineffective 
in, control. Cherry yellows reduced fimit yield by half in observed cases. 

The Effect of Cotton-Seed Dusting on Emergence of Seedlings in Soil Inf ested with 
Jihixoctonia. Eat, W. Winfield. The effect on the emergence of cotton in soil heavily 
iufest(al with Ifhwocto7iia solani, after treatment of the seed with various kinds of pro- 
prietary dusts, was determined in greenhouse experiments. All results obtained were 
analyzed by the analysis-of-variance-method. Some organic-mercury dusts increase more 
than do others the emergence of seedlings over the nondusted seed. Copper dusts are 
somewhat effective, but less so than the best of the mercury compounds. Spergon was 
the most effective of all those dusts lacking a heavy metal as the active ingredient. It 
was equal in effectiveness to the best organic mercury dust. Seeds dusted with the various 
agents tested gave a significantly greater emergence than nondusted seed in nearly every 
instance, but, so far as the final stand was concerned, dusted seed had little value as a 
protectant against BJmocto^iia, 

Control of Diseases of Garden Boses. Eosen, H. E. During a 4-year period, red 
cuprous oxide dust mixture (4 per cent cuprous oxide, 2 per cent calcium arsenate, 10 per 
cent flour, and 84 per cent talc) applied once a week during the growing season, gave 
excellent control of black spot on susceptible hybrid teas, without injury to foliage under 
Arkansas conditions. Of numerous fungicides under investigation, it is the only one 
that gave such results. Breeding for disease resistance has resulted in a number of winter- 
hardy and mildew-resistant hybrids. Most of these hybrids are climbing types resulting 
from crosses between Bosa setigera derivatives and various bush hybrid teas. B. setigera 
appears to offer an excellent source of resistance to winter injury, powdery mildew, and 
drought and heat injury but not to black spot. Floral characters of its hybrids are 
diverse, some desirable, others not. * 

Crown-rust Infection of Oats as Belated to Beduction in Eardiness and Yield. Eosen, 
H. E,, AND Ij. M. Weetman. Susceptible varieties of oats planted early in September, 
1940, became infected with crown rust within 6 weeks, the infections averaging over 40 
per cent of leaf areas. The same varieties planted in October showed few or no infections. 
Along with susceptible varieties, some 5,000 selections of oat hybrids, bred primarily for 
crown-rust resistance, were also planted early and late. With no opportunity for harden- 
ing-off prior to a severe November freeze, all plants of hardy varieties heavily infected 
with crown rust showed a large amount of frost injury, while plants of the same varieties 
with little or no crown-rust infection showed a correspondingly lower amount of frost 
injury. Hardy, crown-rust-resistant strains of both early and late plantings showed a 
minimum of such injury. The fall epidemic of crown rust on susceptible varieties resulted 
in a reduction in winter pasture and apparently in grain yields. In the absence of an 
epidemic in the spring of 1941, susceptible varieties planted late in the fall of 1940, which 
had escaped the fall epidemic, gave larger grain yields than the early fall plantings. 
Hardy crown-rust-resistant strains planted early or late in the fall gave exceptionally 
high yields. 

The Influence of Temperature, Moisture, and Soil Beaetion on Damping-off of Bed 
Fine hy Fythium and Bhisoctonia. Eoth, D. F., and A. J. Eiker. In Wisconsin forest 
nurseries Fythium irregular e 2 jxd Bhizoctonia solani were the principal causal agents of 
damping-off. The predominance of one over the other sometimes occurred in different 
nurseries at the same time, and sometimes in the same nursery at different times. Since 
the activity of one or the other apparently depended on local conditions, investigations 
were made of the effects that some important environmental factors had on the develop- 
ment of disease. Greenhouse studies with seed of red pine, planted in - 

showed that within limits the maximuTn " 
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and tliat from Hhizoctonla above 24° C. Soil moistures somewhat less than T«i per eeii* 
moisture-holding capacity were favorable to Shizoctonia and those more than ii' per ei-n? 
Avere favorable to riiihliim. Saturated air humidify favored h'liiznrliima, 1ml did nut 
influence Pymuni. Within limita soil renetions that were more aei>i than pll 

favoraMe to Bhizoctonin^ those snore alkaline tlian pH l».B were fa%*enilile te i 
The red-pine seed grew well in soil between about 15- and C., with inedliiiii 
and with a reaetion between about ]>II 4J and iUK Dainpingx^ff was fnvmml ttitliiii 
limits, when einergtmee and inatnritT were prolonged bv the environment. 

Loss of Spondation in Cfreospora. Rvkke, T. C. CiiltiireH r»f eertiiiii el' 

Cercospora, regardless of whetlun- they originate from tissues nf the liosl or froiw niiigle 
spores, eventually produee feeblv sporiilating niyeeliai variants tbiit overgrew flie 
Very often, in transferring, the original types are Icmt. The original type, Itin^ever, mu 
be maintained by transferring fnnn liyphal tips or from eonidiii. The mmi eomiinm 
variant is a white myeelial nomeonidial fonn, whieh usually originates as m |tateli variaiit 
in old eiiltures. This white variant remains tixed. It has been found eoiiiiiwn to u 
number of species of Orreospont. From a study of 3S single liyphabtlp isi»bitei« of germi- 
nating eonidia of C. oryzae, C. hetieola, (I apli, and €. nieoimna, it liiit been 
that all produce these white myeelial variants, which are reiimrkably similar In eiiltiire. 
As the cells of the eonidia are'nninueleate, it in iwsniiied that these viiriaiitfi iiiiita* 
tions. The loss of sporulation in eultnres of these species of Crreospum m ordinarily line 
to the development of th(‘ non-<5onidial variants that overgrow the originiil eiilliires. 

The Importance of Seed Transmusion of Early BUyhi and E^nsarium WUi o/ fmnmiih 
Samson, R. W., T. J. Nugekt, and L. G. SiiENfiEEUEE. The possiliility of 
transmission of Alternaria solmi and Fnsarium iycopermel inside of sc‘t*ci from fmnati* 
fruits sufficiently free of decay for juice and puree manufacture \\m found to tx* e:c« 
tremely remote, even though the fruits were sorted from crops infected with early blight 
and fiisarium wilt. No seeds internally infected with A. soUmi were found among 15,51)11 
extracted eominercially from such tomatoes. Only 2 wawe found among 5659 plated from 
seed lots from cull fruits and portions of fruits showing abundant early blight infection. 
Four of 400 seeds from selected decayed regions of infected fruits vieblfMl pathogenie 
cultures. No internal infection by F. lyeopersici vrm demonstrated iif 26.207 seeds from 
commercial lots saved from seed-production iields containing wilt-infectef! plants. Chdo* 
nies of Fnsarimn grew from 4 oiit of 3690 seeds plated from- ripe, edible fruits taken 
from infected pedicels or stems. No Fnsarium was secured from 675 Ht*eds removed 
aseptieally from fruits evidencing vascular invasion. The usual methods of surface dis- 
infection with calcium or sodium hypochlorite and mercuric chloride were used for the 
most part in the plating of seed to determine internal infection. 

Comparative BeacUons of Single Crosses of Dent Mmse to Diplodia zme, Semenivk, 
G. Forty-nine single crosses of dent maize were tested for comparative redactions to 
Diplodia zeae in 1941 by a greenhouse seedling-infection method and a held stalk- inocu 
lation method. Greenhouse tests were conducted in freshly steamed 2: 1 held soil-sand 
mixture placed in 4-in. unglazed flower pots. Diplodia zeae soil-conimi*al im»cuhnn and 
maize seeds w'ere planted simultaneously. The inoculum was placed as an even layer. 5 
g. per pot at the seed level in one group of pots, and 20 g, per ]>ot at 2 cm. bi*hHV Ihi^ 
seed level in another group. The seedlings were examined for infection after 5 weeks. 
In held tests stalk inoculations were made with an aqueous spore suspension at the fonrti? 
internode above the ground level on August 12-13. On September J8-2(t the devidopment 
of D. zeae in the pith was measured after splitting the stalks. Bignhicant diftVrenees in 
reaction of the single crosses were obtained in (1) the extent of nn^Hocotvl and primarv 
root necrosis in seedlings when the inoculum was placed at the seed level/ (2) tlie {‘Xten‘f 
of spread and rotting of the pith of stalks after inoculation, and (3) the number of dead 
jtalks resulting from natural causes. No significant interrelationship was found betw<*ru 
greenhouse and held data, whereas significant correlatioms were ohtaim‘d in the thdd data. 

Diplodia Epidemic in Conifer Seedbeds, Slagg, C. M., and Ernest V’KiGiir, Dead 
ind dying seedlings of Finiis nigra, Fseudotsuga taxifolia, Finns ponderom, ami ib'mav 
•duUs in seedbeds at a Federal nursery at Manhattan, Kans., -were found infected with a 
ungus identified as Diplodia pinca (Sphaeropsis ellrn). The same fungus was found 
n 2- and 3-year-old stock of Finns sylvestris, P, nigra, and F. pondenssa at the nurserv. 
nd on 10- to 50-year-old trees of P. nigra, F. ponderosa, and P. sylvestris on the campus 
I Ivansas State College at Manhattan. In the seedbeds, injury was most seven* on J^ihus 
% gra and Pseudotsnga taxifoUa, approximately 50 per cent of the seedlings being dis- 
ased or dead. These seedbeds had been sown with dry seed 5 months before "the epidemic 
■as observed and the young plants had not yet completed development of ivoodv tissues. 
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Disease symptoms were reprodiicecl in 5 days on similar seedlings of P. nigra from an 
iinhifeetecl nursery inoculated with mycelium of single-spore cultures of the fungus. 

Ci'fiss T iioenlarKnin irini Piftliium arrhenomanes from Cereals and Grasses in the NortJh 
( rii Great Plains. Sprague, Roderick, and R. E. Atkinson. Forty of 600 isolates of 
P. arrhenomanes., vseltaded to include those from 18 species of cereals and grasses collected 
at various locations in the Korthern Great Plains, were parasitic on all hosts in cross 
inoculations in the giaamhonse. Isolates from durum wheat, emmer, oats, rye, proso, 
Afn’opnrnn erislat inn, A. ri^pens, Promus in er mis, and Elymus junceus were particularly 
virnUmt on all hosts tested. Pre-emergence blight was most severe — often 100 per cent 

on Aon ieloiia gracilis, Oryz<>psis teymenoides, Panicim miliaceumf P. virgatnm, Phletim 

prat (Use, Srfaria ifalica, and Stipa viridnla. Corn, wheat, sorghum, sudan grass, A. eris- 
fahim, Bromus inermis, and E. janeeus showed less pre-emergence blight, but were invari- 
ably definitely stunted. In the case of A, eristatum, B. mermis, and E. jiniceus, injury 
was inuch^ greater when old, small, or moldy seed was used, seed strain causing more 
vjudation in^ root rot than the source of the fungus. (Cooperative investigations of the 
Divisions of Cereal Crops and Diseases, Forage Crops and Diseases, and Dry-Land Agri- 
('ultiire. Bureau of Plant Industry, and the Nursery Division, Soil Conservation Service, 
r, S. Departmcmt of Agriculture, and the North Dakota Agricultural Experiment 
Station.) 

Jicernt Changes in Prevalence of Physiologic Paces of Puccinia graminis iritici in 
the United States. Stakman, E. C., and W. Q. Loegering. Race 56 of Puccinia grami- 
nis iritici increased in prevalence in the United States each year from 1930 to 1938, in- 
clusive, and was the most prevalent race from 1934 to 1940, but it began to decrease in 
1939 and in 1941 was surpassed by race 17, which had shown a tendency to increase 
gradually from 1930 to 1939 and then increased rapidly from 10 per cent of all isolates 
ill 1939 to 34 per cent in 1940 and 52 per cent in 1941. If these trends continue, 
Thatcher wheat should retain its resistance in the spring wheat region, as it is highly 
resistant to race 56 and immune from race 17, which together comprised 84 per cent of 
all racial isolates in 1941,* and, taking all races into consideration, it either is immune 
from or resistant to 94 per cent of those isolated. On the other hand, the commonly 
grown durums are resistant to only 37 per cent of the isolates obtained in 1941, as con- 
trasted with about 70 per cent in 1938 before the decided increase of race 17, to which 
they are susceptible, and the decrease of race 56, to which they are resistant. It is not 
improbable, therefore, that stem rust may again become important in the durum wheat 
region. (Cooperative investigations, XT. S. Department of Agriculture and the Minnesota 
Agricultural Experiment Station.) 

Inactivating in Vivo the Virus of X-disease of Peach hy Chemotherapy. Stoddard, 
E. M. Since 1935, 45 organic and inorganic chemicals have been used to treat living 
peach tissue infected with the virus of X-disease. These chemicals were applied chiefly 
by soaking 10 randomized diseased buds in water solutions of the chemicals. Nearly all 
the buds grew when budded into healthy seedlings. The most complete experiment was 
made in 1941. Eight of the 10 diseased buds, soaked in quinhydrone, failed to produce 
the disease as compared to 1 in the cheeks and none in some of the treatments. 8 -hydroxy- 
quinoline sulphate, hydroquinone, p-nitrophenol, Calcium 8-hydroxyquinolate, urea, sodium 
thiosulphate and some of their derivatives inactivated the virus in lesser degree, under 
like conditions, at the coneentrations used. In a preliminary test, in 1940, buds soaked 
in urea, calcium S-hydroxyquinolate, magnesium 8-hydroxyquinolate, o-nitrophenol, and 
sodium thiosulphate have failed to produce the disease to date. In these experiments 
most of the buds failing to produce the disease grew and developed normal healthy shoots. 
These data show that the viims of X-disease of peach can be inactivated in vivo, by chem- 
icals, and that diseased tissues will recover and grow normally. They offer the hope that 
other viruses will respond similarly. 

The Thread-blight Fungus, Corticium stevensiL Tims, E. C. The thread-blight 
fungus, Corticium stevensii, is found on a number of host plants in Louisiana. Cultures 
obtained from selerotia from several of these hosts have been quite similar in culture and 
in pathogenicity on flg leaves and twigs. Single-basidiospore cultures obtained from flg 
leaves also have been nniform in cultural characters, and in all cases similar to the cul- 
tures obtained from selerotia or from spore masses. The monosporous cultures produced 
basidial mats with typical basidiospores when inoculated individually on fig leaves. Many 
of these cultures also produced typical hyphal threads and selerotia on fig twigs when the 
leaves were inoculated. The constant similarity in all cultures also produced typical 
hyphal threads and selerotia on fig twigs when the leaves were inoculated. The constant 
similarity in all cultures of this fungus, whether obtained from selerotia, spore maRja^a 
or single basidiospores, and the uniform watt An 
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normal fruiting structures on fig leaves indicates that C. steiTMii is, upparcuily, u Ih.jici 
thailic form. 

Studies m iJie Cla.mfwatwn of the Baeiermt riant Palhoffens, \\\\hmi% E. I» i 
liarative studies of pliTtopathogeiiie baeteria liaviiig peril rielicias tlag«dli4 nwilM INp 
existence of at least 3 easily recognizable generic groups. The gpiins Krmnm in tin’* iv 
strkted sense suggested m a previous abstract does not lit into tmv of flic piL^tiiig 
of bacteria. It is proposed; therefore; that a new faniil)* in the order Kiiki«*!eriak‘H 
recognized with JErwitiia designated as the type genns. The soft rot loiiif’rin won* fioiiid 
to be more closely related to the eoliform bacteria than to ftie members of !lie gniiH 
Mrwinia. Because they constitute a distinct taxonomic niiit it is proposed Ilia! flie 
rot bacteria be incorporated into a separate geium in the family ccmtaining the criliforni 
bacteria. The yellow organisms; including B. B. mutnaM and Ihirl. fire 

not yet well understood ami occupy a <io«btfid posititm. 

The Classification of the CorriMalhrol Pathoi^rn. Wau>kK; K. L. Eleven of 

the cornstalk-rot pathogen %vere studied comparatively together with niere thiin 4«1 knkteM 
of soft-rot bacteria and representative cultures of 4 species of coMforiii brtctertri. 1.lie 
results of this study show that the cornstalk-rot pathogen is not ii soft-rol' orgaidHiii; but 
that it is a member of the eoliform group of bnett^ria, usually fionmollle, graiti liegiilhe, 
and rod-shape. Glticosc; laetosc; and ccllobioso are fermented with prodiiftloii of iirid 
and much gas (not less than 10 per cent and usually more tliiin SO pi^r cent Ibirliiiiti 
tubes). Nitrates are reduced to nitrites. The organism does not prwiuce iiidoh iiMlIiyl 
red-negativC; Yoges-Proskaiier positive, and grows well in Koser’s eltrato iriwilMiii. ^ No 
protopeetiuase is secreted. These and other reactions iiidiciite that flic orgaiiiwii k a 
member of Aerobacter section of the eoliform bacteria. 

Physiologie Paces of PlasmocUophora hrmawm, Walkee, J. €. Bevi?ral varieties 
of turnip and rutabaga tested with %?arioua eolleetions of P. brmsime from widely sepa- 
rated localities in the United States were found to remain completely free from din'clop* 
meat of clubs w^hen grown in heavily infested soil. One of thesC; Purple Top l^Iilaii tur- 
nip; grown on naturally infested soil in 2 locations in England developed about 20 per 
cent diseased plants in each location. An English variety, White Stone, which showed 
87 per cent diseased plants in an English test, failed to develop any cliibl>ed T«>ot« with 
a representative American isolate. This is submitted as proof that dellaite pliysiolcigic 
races of P. hrassicae exist. The tests in England were carried out by P. T. Bennett in 
the North of England and by N, G. Preston in Shropshire. (Division of Fruit and Vcgc»- 
table Crops and Diseases; Bureau of Plant Industry, and University of “Wiaeonsin.) 

Systemic Invasion of Cabbage by FlasmoMophora brassicae. Walker, J, CI Under 
greenhouse conditions 'when cabbage seedlings are grown in soil infested witli P. brmsinm 
the pathogen, after infecting the root, may migrate through the cambium into the Htcim 
There is relatively little cambial proliferation in the internodal regions above the third 
ar fourth leaf. Dormant buds at the leaf sears, however, are stimulated to grow, and 
Decome invaded by the pathogen. They become malformccl due to extreme hyperplasia. 
The organism may reach the growing point in young plants and cause extreme distortimi 
)f stem and leaves. When plants are inoculated at aboveground leaf nodes, the patliogt^n 
nay migrate down the stem, leaving no evidence of proliferation in its path until tlu' 
lypoeotyl is reached, where a typical dub is formed. There is evidence that the rcaotiem 
)f the host is influeneed by the nutrient supplied to it. (Division of Fruit and Vegetable 
kops and Diseases, Bureau of Plant Industry, and University of Wisconsin.) 

Virus Strains in relation to Acquired Immunity from Curly Top in Tomato, Wal- 
.ACE, J. M. Plants of cultivated varieties of tomato (Lycopersmm maulvnlum) verv 
arely recover and acquire an active immunity from curly top. However, they can be 
assively immunized by grafting with tobacco (Nicotiuna tabacum) plants that luive 
eqnired an immunity. The clonal progeny of passively immunized tomato plants, •wlien 
rown in the field under severe curly-top exposure, showed a high degree of protection, hut 
ecasional plants within an immunized clone developed severe curly-top exposure. showe«l 
high degree of protection, but occasional plants within an immunized clone dcvelo|H»d 
were curly top. This led to a study of strains of the virus, which showed that tomato 
lants immunized against single virus strains were either imaffeeted, mildlv aiTected. or 
lite severely affected, depending upon the strain of virus used for reinoeulation. 
ealthy, non-immunized plants were severely affected by all of the virus strains used 
ir immunization and reinoculation. This role of virus strains in the field of acquired 
imunity in plants parallels certain reactions in the animal virus field, where strains of a 
ven virus differ antigenieally, the immune-sera of the different strains not providing 
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cross immunity. It is believed that these data furnish additional evidence that acquired 
immunity from curly top results from the production of some type of protective sub- 
stances. 

Genetic Studies in Oats of Resistance to Two Physiologic Races of Crown Rust. 
AVeetman’, L. M. Inheritance studies have been made of the types of resistance to crown 
rust found in 3 varieties of oats used as resistant parents in breeding work. These 
varieties are liond (resistant to race 1, susceptible to race 45), Victoria (resistant to both 
raees I and 45), and Mutica IJkraina (resistant to race 45 and to a portion of race 1). 
F. and dat<a indicate that the Bond type of resistance to race 1 is conditioned by two 
dominant complementary genes. Victoria resistance to both races 1 and 45 appears 
io he largely (letermined by a single factor which is distinct from the Bond genes. Pa 
iield data indicate that the Mutica resistance to the major portion of race 1 is due to two 
dominant complementary genes as in Bond. These genes are probably allelomorphic 
to the Bond genes for resistance. 

Further Studies 07i PytMum Injury of Oats. Welch, Aaron. Tinder Iowa conditions 
Pythium deharyanum and related species of Pythnm have proved to be serious parasites 
on the roots of oat plants. Prom 1937 to 1941 these organisms were prevalent through- 
out the Btate and were isolated each year from oats growing in widely separated localities. 
Under controlled greenhouse conditions 218 varieties of oats (including winter, spring, and 
wild types) were grown in steamed soil artificially infested with P. deharyanum. Marked 
resistance was not observed in any one variety, but some varieties were more resistant 
than others. The effects of phosphorous, potash, nitrogen, manure, and a complete 
fertilizer on the ability of P. deharyamm to parasitize oat roots failed to indicate that 
any of the treatments were beneficial in reducing or controlling infection. Oats grown 
in plots treated with ehlorpierin, however, yielded 100 per cent more than the same 
varieties grown in non-treated fertilized plots. 

Some Tentatwe Concliisions Resulting from Plot Analyses of Phomopsis-’blig’hted 
Jumper Seedlings in Great Plains Nurseries during 1941. Wright, Ernest, and C. M. 
Slagq. Because of need for information on control of Phomopsis blight of junipers in 
broadcast sowings, the following tentative conclusions may be of interest. Contrary to 
current opinion, l-year-old eastern red cedar (Juniperus virginiana) seedlings originating 
from Kansas-collected seed proved no more resistant to infection by Phomopsis juniper- 
ouora than those grown from Nebraska seed. Likewise, western red cedar (J. scopulorumj , 
previously not sprayed because it was considered highly resistant to the disease, was so 
severely infected that spraying will be necessary in the future. Infection of juniper 
Seedlings usually started at the margin of the seedbeds, eventually worked inward, and 
appeared to be directly associated with water splashing. Seedlings watered by over- 
head irrigation were, therefore, more severely blighted than those watered by ditch 
irrigation. Dense stands, presumably because they reduce water splashing, tended to 
retard rather than to increase the percentage of infection. Boguing of diseased plants 
was not significantly beneficial except in plots where infection was relatively light. To 
be most effective, the seedlings should be rogued as soon as they show the first symptoms 
of infection before sporulation begins. Of 7 sprays used, commercial Bordeaux (5-5-50) 
gave the most promise of controlling the disease. 

Stimulatory and Toxic Mffects of Copper Sprays on Powdery Mildews. Yarwood, C. 
E. The dried deposit of 0.1 per cent Bordeaux ± 0.1 per cent cottonseed oil on glass 
slides was toxic to conidia of Frysiphe polygoni from red clover and bean in water, 
approximately neutral on dry slides at 100 per cent B.H., and stimulatory at 90 per cent 
E.H. Copper sulphate of Bordeaux added to sucrose agar stimulated the germination of 
bean powdery -mildew conidia, but inhibited the growth of contaminating fungi. On 
inoculation, beans sprayed with 0.1 per cent Bordeaux frequently showed more mildew 
development on the upper surface of primary leaves than did unsprayed plants. This 
stimulatory effect of Bordeaux was greatest when light was inhibitory to mildew develop- 
ment, though the nature of the inhibition by light is not understood. Many fungicides, 
including Bordeaux and lime sulphur, were more effective as eradicant sprays for powdery 
mildew on beans, cucumbers, and cantaloupes, and for rust on bean and sunflower on 
plants held in moist chambers for several hours after spraying than on plants dried soon 
after spraying. Most fungicides tested were more effective as eradicant than as protec- 
tive sprays for powdery mildews. 

Fungicidal Value of Bordeaux Mixtures Prepared from Piluted and Concentrated 
Stoclc Solutions. Yarwoob, C. E. Concentrated bluestone Bordeaux prepared by adding 
13 per cent Ca(OH)o to 10 per cent CuSOi • fillaO and then adding the required amount of 
water, was compared with diluted bluestone Bordeaux preuared kv -t" 
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Ca(OH )3 to CuSO.! • SH^Oj wliieh liad first been diluted to spray stren^^th, as protectivi' 
sprays for onion downy mildew, hop downy mildew, cucumber downy mildew, eueuudHW 
powdery mildew, bean powdery mildew, and bean rust, and as eradieant fungicides tor In^an 
powdery mildew^ and cucumber powdery mildew in greenhouse tests under c(ni<riti( ms of 
heavy artificial inoculation. In 66 paired comparisons there was little difiVreiU'e iu tlo* 
fungicidal value of the diluted bluestone Bordeaux and eoneentratml ])Iuestoiu* liordeaux. 
Mixtures containing 0.03 to 0.3 per cent bluestone gave marked control o( all tiisi-ases, 
except as protective sprays for bean mildew. Only in the eas(‘ of bt'au rust was the 
diluted bluestone Bordeaux markedly superior to the coneentrat(‘(l bluestone Lorchxaux, 
The addition of certain spray supplements increased the protective value of juost sprays 
but did not affect the relative merit of diluted bluestone and conceutraf(Ml bluestt>ue 
Bordeaux. 

Toxin Formation a7id Chemothe^'apy in delation to Dutch Mm Disrauc. %E\'T^rY^•:!I, 
George A. Ceratostomella ulmi was found to produce In culture a toxin that wilts ]>lant 
cuttings and induces symptoms similar to those of the Dutcdi elm <lisease ■when injectta! 
into elms. This suggests that the fungus produces in the tree a similar toxin, resptmsibk' 
for disease symptoms. In chemical treatment of 850 small (3'~6-ft.-tali) American elms, 
5 of 25 organic chemicals gave promising results in preventing or retarding prognxss of 
disease. Injecting hydroquinone, benzoic acid, or p-nitrophenol, 1. W(‘ek before imuailu' 
tion with C, ulmi, greatly reduced the percentage of trees showing disease symptoms as 
compared with water-injected controls. When 50 trees were injected with Hdiydroxy- 
quinoline sulphate and simultaneously inoculated, the appearance of symptoms was signifi- 
cantly retarded for 2i weeks, as compared with 50 noninjeeted controls. When inoculattsi 
trees were injected with benzoic acid, hydroquinone, or S-hydroxyquinoline Ijenzoate at tlu? 
onset of wilting, the further advance of wilting was markedly retarded as compared M*ith 
water-injected controls. Retardation of disease by injection of these chemicals offers 
hope that the Dutch elm disease and similar vascular diseases may ultimately be controlled 
by ehemotlierapy. Results indicate that once the disease becomes well estnblisheil the 
possibilities of checking its advance by chemotherapy are considerably diminisluul. 


ABSTRACTS PERTAINING TO DEMONSTRATIONS 

Western Bed Bot in Ponderosa Pine in Arizcma and New Mexico. Andkisws, Stuart 
B., AND Lake S. Gill. Western red rot, caused by Polypoinis eUma 7 tus, is responsible for 
a major proportion of the 25 per cent defect frequently found in mature and overma- 
ture ponderosa pine stands in the Southwest. Studies during 1938 and 1930 to determine 
its importance in immature stands indicated that, since western red rot enters trees almost 
exclusively through dead branches, initial infection is but slightly contingent on age and 
suppression, but is highly dependent on the branch habit of trees. In the 41-100-year age 
class, of the trees with only dead branches loss than 1.1 inches in basal diameter", S.O pita* 
cent had infected branches, as compared with 33.8 per cent of those having one or 
more branches larger than that size. Although infection also was correlated with tree 
age, size, and stand density, this may be attributed to the high correlation betweim thesi^ 
factors and branch habit. Age alone was found highly correlated with the ])rogr(‘SK of 
decay in the heartwood of the trunk. Studies made during the second cutting of a tract in 
northern Arizona indicated that the proportions of gross volume lost because^ of Wi\stcrn 
red rot amounted to 0.8 per cent in trees 121-150 years old, 4.6 per cent in those 151-180 
years old, and 10.3 per cent in those 241-270 years old. It would appear that while 
westeni-red'i*ot losses may be somewhat less severe in second-growth than iu old-growth 
stands, they can be further reduced if stands are kept dense enough to inhibit large-] irauch 
formation, pruned at an early age, and harvested before they are overmature. 

Cross-lnoGulations with Fumrium-wilt Organisms. Armstrong, G. M., B. H. 
Hawkins, and C. C. Bennett. Fusarium-wilt organisms were obtained from the follow- 
ing plants: cotton, okra, watermelon, sweet potato, tobacco (3 sources), tomato, mimosa 
{Alhima juMhrissm) and coffee weed (Cassia tora). Inoculations of all hosts, <‘xci‘])t 
mimosa, were made either in soil or water culture with at least 3 of the organisms. 
Records were made of external symptoms of wilt, internal darkening, and recovery of tlie 
fungus by pilating. The isolates from cotton, okra, coffee weed, and tobacco in South 
Carolina and Kentucky are apparently the same. All cause wilting in the first 3 hosts 
and in a susceptible Burley tobacco but not in a resistant Burley or Gold Dollar (fine- 
cured variety). A Maryland tobacco isolate caused wilting of all the above tobacco 
varieties as well as Maryland Mammoth but did not affect cotton or okra. The cotton 
fungus, however, caused wilting of Maryland Mammoth tobacco. The sweet'-ootatn 
did not cause wilting of cotton, nor rBR ^ 
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tomato fungus failed to cause wilting in cotton, okra, and watermelon and the watermelon 
fungus failed to cause wilting in sweet potato and tomato. 

A Method of Inoculation for Barley Stripe. Arky, D. C., and H. L. Shands. The 
stripe reaction of barley varieties and selections may be had from the following test: 
Sterile water is introduced into a 7- to 12-day-old test-tube slant culture ot Btelmintho- 
sporium gramineum and the mycelium scraped off in fine aggregations. Two cc. of this 
suspension are then added to 125 ml. Ehrlenmeyer flasks previously j)i*ei>ared by adding 
15 g. wheat and 15 ee. water, and autoclaving 45 minutes. When fungous growth on the 
wheat is 5 days old, 25 to 100 kernels of each selection being tested are treated with alcohol 
to remove surface contaminants, rinsed in water, and placed in one of the flasks. Kernels 
in contact with inoculum are incubated 4 days at room temperature (20 to 24^ C.). Lower 
temperatures produce more infection if time be adjusted. Flasks are shaken daily to 
prevent clumping caused by mycelial and root growth. Larger flasks may be used to 
accommodate more kernels. The entire contents of the flasks are planted in soil. A 
susceptible variety, such as Oderbrucker, usually has 80 per cent or more infection. Ordi- 
narily about 50 per cent of the kernels planted in the field x>roduee plants, while over 80 
per cent may be expected in the greenhouse. 

Bacterial Necrosis of the Giant Cactus. Brown, J. G-., Lake 8. Gill, Paul C. 
Lig-htle, and Bon M. Keep. Work on bacterial necrosis of the giant cactus {Carnegiea 
gigantea), reported by the senior author and co-workers at the last Philadelphia Meeting, 
A. P. S., has been cooperatively organized by the Arizona Agricultural Experiment Station 
and the Bureau of Plant Industry, IJ. S. Department of Agriculture. Survey of large 
plots in the Saguaro National Monument have been completed in which the incidence of 
necrosis has been determined and mapped. Activities in attempted eradication or control 
of the disease include sanitary measures and surgery, in cases of early stages of infection. 
Necrosis in the Monument and in other giant-cactus forests in Arizona is now very active. 
Species of Opuntia thus far inoculated with the proved cause of necrosis in Carnegiea 
have shown no symptoms of the disease. 

Besponse of Diseased Maple Trees to Chemotherapy and Fertilisation. Caroselli, 
N. E., AND E. L. Howard. Average twig elongation has shown highly significant differ- 
ences when maple trees afflicted with bleeding canker were given the following treatments : 

(1) Injected with antidotal chemicals and subsequently fed by the soil crow-bar method; 

(2) injected and not fed; (3) fed and not injected, and (4) left untreated. Five mature 
trees were used for each treatment and the twig growth measured for each of the 6 years 
1936 to 1941, inclusive. Ten samples of twigs taken at random from each of the top, 
middle, and lower sections of each tree were measured. No significant difference was 
found to exist within treatments. Twig elongation (1) was about uniform for the healthy 
trees; (2) gradually decreased about one-half during the 6 years for the untreated dis- 
eased trees; (3) decreased to the minimum for diseased trees fed but not injected; (4) 
increased somewhat during the current year and sharply the following year for diseased 
trees that were injected; and (5) was greater during the year injected and increased most 
markedly in the next year for both injected and fed. Improvements in injection technique 
will be demonstrated. 

MasMng of Wheat Leaf -rust Infections hy Sigh Temperatures. Chester, K. Starr. 
Wheat seedlings inoculated with leaf rust (Puccinia triticina) and then incubated at tem- 
peratures above or below the optimum for rust production, frequently fail to manifest 
infection, leading to erroneous conclusions regarding host susceptibility or race identity. 
In an attempt to understand this temperature-conditioned inhibition of rust reaction, 
seedlings of the 8 wheat varieties used in leaf -rust race differentiation were inoculated 
with races 5, 19, 20, and 34 and incubated at various temperatures between 39° and 77° F. 
Highly susceptible varieties, when incubated at 55° F., showed in numerous cases no infec- 
tion if incubated for 24 hours at higher temperatures and then exposed to optimum tem- 
peratures for long periods, indicating that at the higher temperatures no infection occurred. 
When similarly inoculated plants were exposed to 55° F. for the first 24 hours and then 
transferred to higher temiieratures for 10 days or longer, no infection was apparent, but 
rust pustules promptly appeared whenever such plants were returned to 55° F., indicating 
that infection occurred during the first 24 hours at 55° F. but became latent at higher 
temperatures. 
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In ponderosa pine, in nortliern Arizona, where a heavily infected stand had hem logged 
SO years earlier, data were obtained in 1939, on an area of 60 acres, on the behavior of 
A. vagindta forma cryptopodutn in the nnderstory of seedlings and saplings. The major- 
ity of these had not become established nntil some time after the original cutting; infec- 
tion in them was nnnsnally low and for the most part restricted to stands within u radius 
of 50 feet of infective overstory trees. The parasite had had no signiticant intluence on 
the height of seedlings, largely because almost all infections were of recc-nt orignn, iu> 
infection having oeeiu*red prior to 1926. ISTevertheless, since 70 per cent of the infections 
occurred on the main stems of seedlings, mistletoe will eventually cause defonnity or 
serious reduction in growth, if not death. In addition, about one-half of those in branches 
were so close to the main stems as to indicate extension of the endopliytic system into the 
trunks. 

Symptom "Expression in Fsorosis of Citrus as Belated to Kind of Immulum. Fawcett, 
II. S., AND L. 0. Cochran. Sweet-orange trees developed from buds of tribes infe<*ted with 
the viims of psorosis A (CUrmr psorosis var. mlgare) require an incubation period of a 
or more years before bark lesions appear. In some trees this time may be 21) yt^ars; the 
average is between 12 and 16 years. Older trees inoculated with buds taken fri)m twigs 
not showing bark lesions on psorosis-afflicted trees also require 5 or more years for bark 
symptoms to appear. If, however, patches of live bark, cut wdth a cork borer, from the 
center of scaling lesions, on a Psorosis A-affeeted tree are transplanted to trunks of sweet- 
orange seedlings, bark sealing may begin in less than 5 months. Trees iiioculatcd simi- 
larly from normal bark 3 to 6 inches away from the lesions have shown no bark lesions 
after 3 years. Some indication was obtained that patches taken from the middle showed 
a shorter incubation period than those from the advancing edge of the lesion. Inoculation 
with the virus of Psorosis B (CUrknr psorosis var. a7iulatmn) gave corresponding but 
shorter incubation periods. This method not only opens a new approach to the character 
of the psorosis virus, but suggests a method of greatly shortening the incubation period. 

Fumigation of Potting Soils, Godfrey, G. H. Soils completely free from nematodes 
and from damping-off and root-rot fungi, and practically free from weeds, can be kept 
available for use by the simple and relatively inexpensive means of fumigation. Chloro- 
pierin or methyl bromide at 4 ml. per eu. ft. have been found highly effective for killing 
soil fungi, as well as nematodes (Eeterodera mariona and Fraiylenchus pratensis). 
Carbon bisulphide and ethylene diehloride at 10 ml. per eu. ft. have killed nematode infes- 
tations satisfactorily, but are not so reliable against fungi. Recent tests with methyl 
bromide have indicated that, while it is difficult to handle because of its low boiling point, 
it is highly promising for soil fumigation because of its apparent ability to penetrate 
undeeayed nematode galls. Galvanized cans or gas-tight boxes are suitable for soil con- 
tainers for fumigation. In all eases means must be provided for sealing a gas-tight cover. 
The soil should be loose and free from excessive wetness, and fumigation done while tem- 
perature is high. Applicators are available at much lower cost than heat-sterilizing 
equipment. 

The Belation of Certain Weevils to Boot Bot and Basal Stem Bot of Cereals and 
Grasses, Hanson, E. W., and H. E. Milliron. Certain weevils infesting Gramineae are 
important in the development of root rot and basal stem rot of cereals and grasses in the 
Northern Great Plains. Several species of these weevils are found in this area, and it is 
known that some of them attack many hosts. The widely distributed Calcndra parvula is 
an important species recorded in our investigations as attacking wheat, timothy, bluegrass 
and crested wheatgrass. Most of the insect injury is confined to the lower ihternodes of 
the culms. Very severe rotting is consistently associated with such infestation. The 
work of this weevil provides avenues of entrance for fungi and bacteria and promotes the 
development of rots in the basal parts of the plants. The infested internodes are fified 
with frass, resulting from larval feeding, which is an excellent medium for the rapid 
increase of microorganisms. The dissemination of these rot-inducing organisms appears to 
be facilitated by such feeding and the movement of the larvae inside the qTants. (Co- 
operative investigations between the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, IT. S. Department of Agriculture, and the Division of Plant Pathology and 
Botany, and Entomology and Economic Zoology of the Minnesota Agricultural Experiment 
Station.) 

Antidoting the Toxins of Plant Diseases, Horsfall, James G., and George A. 
Zentmyer. It is known that many of the pathogenic effects in plant diseases are pro- 
duced by toxins, and that even the parasitism of many organisms may be possible onlv 
because excreted substances precede the invader into the ■hn«4! - ” 

paring the way for further 
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Dutch elm disease and Yerticillosis of eggplant and maple may he weakened, possibly 
eliminated, by internal chemotherapy with the following compounds and their derivatives 
containing basic nitrogen: 8 -hydroxy quinoline sulphate, urea, dihydrochloride of diamino- 
benzene, malachite green, and probably ammonia. Since the effects of several root dis- 
eases are known to be reduced by ammonia, apparently through some non-f ungicidal mecha- 
nism, these results suggest that such root diseases are toxin-induced and that the basic 
nitrogen in ammonia antidotes the toxin. These results also suggest an additional 
approach to chemical control of plant disease. By and large, chemicals are applied 
externally to the host, i.e,, aimed at killing potential parasites. Chemicals are applied 
internally here, more with the aim of interfering with the mechanism of pathogenesis than 
of killing the parasite. 

Life Activities and Control of jPhytophthora eitrophthora, Klotz, L. J., and H. S. 
Fawcett. Hyphae grown on alfalfa stems produce abundant functional sporangia when 
placed in well-aerated water. Sudden lowering of temperature causes mature sporangia to 
discharge zoospores. A swimming zoospore takes a spiral course and revolves continuously 
on its long axis. The cilium, extended forward, propels by means of a corkscrew motion; 
the other trails, rudderlike. Either can assume the function of the other, making it 
unnecessary to about face to reverse direction. Germination produces 1 to 5 germ tubes. 
Diplanetism is frequently exhibited. Tinder favorable temperature and moisture any 
organ (bark, fibrous roots, leaves, flowers, and fruit) can be infected at any point, no 
vround being necessary. Hyphae invade inter- and intracellularly. Control measures 
are based on zoospore sensitivity to heat and cuprion. Grove protection is afforded by 
copper sprays, good drainage, aeration, and sunlight. Sunlight raises exposed bark tem- 
perature 15° to 25° F. above air temperature and, in summer, kills invading fungus. Bind 
of lemons can also be heated to such lethal temperatures by immersion in water at 118° 
to 120° F. In storage, contact infection by aerial hyphae can be suppressed by prompt 
removal of rots, lowering humidity to 75 to 80 per cent, and maintaining a concentration 
of 1 to 2 mg. of NCI 3 gas per eu. ft. for 4 hours at weekly intervals. 

Production of Disease-resistant Sorghums. Melchers, L. E., F. A. Wagner, and- A. 
E. Lowe. The Southern Great Plains area produces several million acres of milo and milo 
hybrids for grain. They are susceptible to the milo disease. The Kansas Agricultural 
Experiment Station, in cooperation with the Division of Cereal Crops and Diseases, 
IT. S. D. A., has studied the cause and control of this malady. The exhibit illustrates 
the various steps followed in selecting resistant plants in the field and greenhouse, how 
these selections are further tested to eliminate accidental ^ ^ escapes, ’ ' segregates, or 
varietal mixtures, and how disease reaction and agronomic character may be determined 
in infested soils. The use of greenhouse methods demonstrates how selection for resis- 
tance may be accomplished and how these methods are used in testing certified seed of 
resistant strains of milo. Photographs show how county agents and growers may have 
soil from questionable fields tested for the presence of the disease. Living plant material 
of resistant selections produced at the Kansas Agricultural Experiment Station will be 
shown. 

Seed Treatment of Good Seed Corn. Reddy, 0. S., and W. K. Rice. Seed treatment 
of good seed corn is beneficial when adverse conditions prevail at planting time. Treat- 
ment is of little or no value when the seed is planted in moist or dry soil that remains 
warm for several days. When the seed is planted in somewhat dry soiT that remains 
cold for several days (in demonstration 7 days at 10° G.), seed treatment is of value in 
obtaining better field stands. The value of seed treatment increases under cold soil con- 
ditions with increases in soil moisture. The limit of value is reached when stands from 
treated seed are entirely satisfactory and stands from non- treated seed are so poor as to 
necessitate replanting. The demonstration shows the effect of seed treatment using a 
commercial organic mercury dust. New Improved Semesan Jr., and an experimental or- 
ganic dust, Spergonex. Seed lots vary in degree of response to temperature and moisture. 
This degree of response is the basis for the seed-laboratory cold-test” in which a special 
tensiometer is used to insure the same moisture factor for each test. 

Persistence of Cotton-root-rot Sclerotia Following Certain Cropping Practices, 
Rogers, C. H., and Herbert Rich. Cotton-root-rot (Phymatotrichim omnivorum) scle- 
rotia have been found at depths to 8 ft. in the Texas blaekland soils and appear to be 
one of the most important factors in survival of the fungus. Most of these sclerotia 
occur in the upper 3 ft., approximately half the total being found at depths of 12 to 24 
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A Comparative Siiidy of Four Species of FMzoctonia, Rykkr, T. axi> }>F.ATKirE 
Esner. Pour rhizoctonia diseases in the South can be distinguished on the basis of 
symptoms produced on various hosts and the appearance of the isolates on cultur<‘ media. 
They are the banded sclerotial disease of Bermuda grass, rice, and sugar eane eaus<Ml 
hj Eypochnus sasaMi; web blight of beans and figs and other ])iants caus(Ml by R. miertf- 
sclerotia; an undeseribed blight of figs caused by a Coriiehun s]),, and the varirjus root 
and stem rots caused by M, solani. Studies of the Gortieium stagi‘s of tlu» 4 ]iav(‘ sliown 
no distinct differences either in size and shape of basidiospores or in a]>pearanri* of 
basidial mats. Tissue isolates of diseased material have shown very littU‘ variation and 
it has been possible to edassify such isolates satisfactorily in the 4 groups. On tht‘ id her 
hand, while some enltures from single basidiospores of 11, sasakii, IL microscUroihu ami 
the Cortioium from fig have been similar to the tissue cultures, most of them have been 
so different that they could not be placed in any one of the 4 groups. Bingle ba.Hidiospf)rt? 
isolates of F, solani, however, while showing some variation, could ail lx* classifietl as F. 
sokmi. The results suggest the possibility that the 3 former fungi are hyludd forms and 
that the variation is due to segregation. 

FyiMum Injury to Flax, Schlick, R. W. Plax develops poorly following sugar 
beets. Stands are poor and the developing plants lack the vigor and color of healthy 
flax plants. In searching for the cause of this condition a species of Fyihium (P, de- 
baryanum group) was obtained in a high percentage of the isolations made from seed* 
lings. In many eases, before the seedlings had emerged, the radicle was diseoiort*d and 
the cotyledons rotted within the seed coat. In less severe cases only the tip of the radicle 
showed a reddish-tan discoloration, and these seedlings emerged. In the former cas(‘ it 
appeared that this species of FytMum can cause a direct general necrosis. Isolates from 
more mature plants in the spring and early summer were predomiuately Fythium. sp., 
sometimes associated with FJmoctonia sp., Fusarnm' sp., Eehninfhosporium sp., etc. The 
lateral and tap roots showed a light reddish-tan to hriek-red discoloration. A few small 
lateral lesions on the tap root showed similar discolorations. These attacks were restricte<I 
to the cortical tissue. 

Placement of Fiplodia zeae hxoculum in the Soil in Felation to Infection of Maize 
Seedlings in Greenhouse Pot Experiments, Semeniuk, G. Fiplodia seae soil-cornmeal 
inoculum was placed as a uniform layer below, at and above the seed level. Inoculum 
in 5-20 g. amounts and seeds were planted at the same time in potted, freshly steamed 
sand and soil-sand mixture. Seedlings were examined after 3 weeks at 68-75° P. Severe 
mesocotyl and primary root necrosis initiated at the point of their juncture •was obtained 
from inoeulnm placed at or above the seed level. Only few small primary root lesions 
were obtained from inoculum placed 2 or 4 cm. below the seed. Mean air temperatures 
of approximately 65, 75, and 85° P. yielded similar infections from inoculum at and below 
the seed. Sand yielded fewer root lesions from inoculum placed below the seed than did 
a soil-sand mixture. Soaking seed 10 minutes in a 1: 10,000 ethyl mercury phosphate 
solution markedly reduced mfection from inoculum placed at and above the seed, but did 
not influexiee root infections from inoculum below. Isolated necrotic lesions on the 
mesocotyl were rarely observed. The washing down of si)ores from the inoculum above 
the seed was suggested. Fiplodia iseae was unable to grow sufficiently in steamed soil- 
sand pot experiments from below the seed to establish infection at the seed level. 

Acquired Immunity from Curly Top in Tobacco and Tomato, Wallace, J. M. A 
summary of the results of the study of acquired immunity from curly-top virosis is pre- 
sented and illustrated. Special attention is given to the phases of this inve.stigation in 
which the plant-virus relations are similar to immunological phenomena in the field of 
animal viruses. 

Wilt-resistant Tomatoes with New Genetic Characters. Y^oung, P. A. Cuttings of 
Lycopersicon cMlensexL. esculentum, received from P. O. Holmes, bore ffowers but no 
fruit. Pollen from them was back-crossed onto L, esculentum. Progeny pffants showed 
intermediate inheritance of finely dissected leaflets 3 plants with prominently dissected 
leaflets were sterile. Fruits on the other plants were 1 to 2 cm. in diameter, ‘and yellow 
or orange; few plants had red fruits, which indicated unusual inheritance of fruit color. 
Striped fruits appeared on one plant of the variety Michigan State. Stripes and corky 
pits appeared in the fruit peel of most of the progeny plants of the 2nd and 3rd genera- 
tions. In a field of Eutgers tomatoes, one plant bore lobed, nearly hollow fruits, 7 cm. 
in diameter. This fruit character bred true through 3 generations. Apparently result- 
ing from X-ray -induced mutations, one tomato selection had yellowish bordered^ leaflets. 
Another selection had white flowers. The white-flower character was transmitted to hy- 
brids nearly immune from Pusarium wilt. One plant of the variety Prairie -na 
fruits associated with lis-ht-ffrppTi * 


THE EFFECT OF CERTAIN CHEMICALS, SOME OF WHICH PRO- 
DUCE CHROMOSOME DOUBLINO, ON PLANT TUMORS 


jsr E li L I E A . B R 0 W H 
(Accepted for publication April 10, 1941) 

INTRODUCTION 

Since 1937, colchicine has been used extensively by geneticists to attempt 
the improvement of such flowers, vegetables, and fruits as will respond to its 
stimulation by the production of new and desirable qualities. It is extracted 
largely from the plant Colchicum autumnale L., the autumn crocus, abun- 
dant in Asia Minor. Early Greek physicians used it as a remedy for gout ; 
even today it is used to a limited extent in the treatment of arthritis. It was 
a physician treating a tumorous patient for gout who noticed and recorded 
the fact that colchicine delayed the advance of the tumor. Discovery of this 
record years afterwards induced some animal research workers to experi- 
ment with the alkaloid; they were followed by students of animal cancer, 
geneticists, and plant pathologists. 

Colchicine, in very weak solution, is used by geneticists in the attempt to 
pi’oduce new varieties of plants. The alkaloid induces a doubling of the 
number of chromosomes in the nucleus. A short exposure to a weak solntion 
limits the amount of doubling that takes place. A strong solution or a long 
exposure to a weak one would defeat the result hoped for. With a short 
exposure to a weak solution, cell division continues in the regular manner; 
and, after division, the nevr-formed cells contain the increased number of 
chromosomes. The changed nucleus with its added number of chromosomes 
has its effect on the plant, and some new and distinct type of variation may 
be the result. One of the methods for producing new varieties of plants 
is to dip young growing stems in a 0.2 per cent solution of the alkaloid. 

In experimenting on the effect of colchicine on bacterial plant tumors, it 
was found that it could not only inhibit their growth but also kill them. The 
simplest and most direct way to introduce the alkaloid was to brush a 2 per 
cent aqueous solution on the surface of the tumor with a camel-hair brush. 
When temperature and moisture conditions were especially favorable for 
penetration, a 1 per cent, or even 0.5 per cent, solution would bring about 
the desired result. A 3 or 4 per cent solution proved no more effective than 
the 2 per cent solution, nor did death follow its application any more readily. 
Brushing the tumors with colchicine solutions of these concentrations had no 
apparent effect on the other parts of the plants; they grew, blossomed, and 
produced seed quite normally. 

Having studied the relation of colchicine to polyploidy in various plants, 
my colleague, Haig Dermen, became interested and made a study of the 
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There was no indication of spindle formation or inig'ration of eirroniosomes 
to the poles or of cross walls forming to produce daughter cells. The se|)a- 
rate chromosome divisions massed together in one huge nucleus witli itu-egu- 
lar lobes (2, 3, 4). He estimated that the normal number ot eliroiuosomes---. 
48 for the French marigold^ Tagetes pafula L. — might divide until there 
could be as many as 24,500 chromosomes holding together in one irregular 
niieleus, the cell increasing in si 2 ;e correspondingly. As tills was au ahnnr- 
mal eoiidition the plant could not overcome, death of the tumor cells oc- 
curred, and, eventually, death of the entire tumor followed. 

The death of bacterial plant tumors subsequent to brushing tliem witli a 
2 per cent solution of colchicine was reported in ,1939 (1, 2), With plant 
tnmors as with healthy plant tissue, the cells must he young ami actively 
dividing if the number of ehromosomes is to be increased by the a]>j>licatiou 
of colchicine. It is apparently the stimulation to excessive doulthnig without 
cell division that destroys the balanced metabolism of tlie ceils. This con- 
dition is attributable to the many chromosomes massed together in the huge 
lobed nucleus; and it follow^s that the tumor cells increase in size correspond- 
ingly. Because the plant cannot adjust itself to this abnormal condition, 
the tumor cells become shrunken and dry and the tumor itself dies. 

This rather exhaustive introduction is submitted to make clear the con- 
nection between the earlier wmi*k on plant tumors with a i>olyploidizing 
chemical (colchicine) and that hei’e presented, recording experiments in 
treating plant bacterial tumors with other chemicals claimed to be chromo- 
some-doubling (6, 7, 8, 10, 13). In other words, if these other chromosome- 
donbling chemicals produce polyploidy for geneticists, would they not also 
induce an excessive number of chromosomes in tumor cells and thereby kill 
the tumors, as did one application of a 2 per cent solution of colchicine! 

SUBSTANCES OTHER THAN COLCHICINE THAT CAUSE CHROMOSOME 

DOUBLING 

The effect of some, perhaps all, of the other chromosome-douhling sub- 
stances is similar to that induced by colchicine on wdieat, rye, and otlier 
seedlings (11, 14). The roots of the treated seedlings thickmi. ami at the 
ends there are tumor-like swellings the cells of which show almormal mitosis 
(5,6,9,12,14). 

The chromosome-doubling substances used in these experiimmts were as 
follows: Acenaphthene, a-methylnaphthalene, a-nitroua]>hthalene, S-o-di- 
bromopyridine (15), and apiole (7). A commercial preparation knuwm as 
'^Santomerse,’’ a few drops in water, was used as an emulsifying agent 

Experiments with Acenaphthene 

When acenaphthene w^as mixed with lanolin and brushed on 12 French 
marigold and on 16 Paris dsisj {Chrysamrthemum fruteseens L.) tumors 
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Acenaplitlieiie, in a filtered, saturated water solution, was brushed for 
2 successive days on 55 bacterial tumors, less than 1 cm. in diameter, on 
French marigold. Twenty days later the tumors were of the same size and 
appearance as those of the controls. Leaf galls of French marigold and stem 
tumors of Guinea-gold, a variety of African marigold (Tagetes erecta L.), 
also were bi’ushed with a filtered, saturated water solution of acenaphthene. 
No change in the tumors followed. 

Because it was thought that failure of acenaphthene to cause injury 
might be due to its slight solubility in water, other solvents were tried. 

A number of solvents of acenaphthene were tested on plant tumors before 
applying that chemical to learn the possible reaction of the galls to the 
solvent. Several had a killing effect in 24 to 48 hours, and were discarded. 
Among these were morphalin, tetralin, and dimethyl phthalate. Those 
found most satisfactory in not affecting the tumors, or the stems in the 
vicinity of the tumors, were chlorinated naphthalene and dioxan. 

Although not a solvent, glycerin was mixed with acenaphthene at the 
rate of 5 cc. to i g. of acenaphthene. This paste-like mixture was spread 
thickly on the galls, in the hope that there would be a slow but definite pene- 
tration of the aeeiiaphthalene into the cells. No injury occurred, nor was 
there any change in the bacterial tumors. Growth continued as in the 
controls. 

Chlorinated naphthalene proved to be a solvent of acenaphthene, but 
there was neither killing nor inhibition of growth subsequent to application 
of a solution to tumors of various ages. Either the acenaphthene did not 
penetrate far enough into the tissue or the solvent neutralized its action. 
Some other factor may have been working, for a reaction was noted in the 
very young galls. Stimulation of growth of tumors occurred in 28 marigold 
and 21 brushed daisy galls, and these were definitely larger than those 
brushed with chlorinated naphthalene for controls or the galls left unbrushed 
for other controls. The stimulation occurred slowly, was not excessive, and 
no collapse of tumor cells followed. Stimulation was not observed in tumors 
that were 27 or more days old before treatment. 

Besides increase in size over the control tumors, the galls brushed with 
acenaphthene chlorinated naphthalene continued both to grow and live 
longer than did the controls. Tests made with both daisy and marigold 
tumors in summer and fall gave like results. 

Five, 10, 15 per cent, and full-strength solutions of dioxan^ showed no 
harmful effect when brushed on both young and old daisy and marigold 
tumors. Because the tumors did not discolor and continued to grow vigor- 
ously, it was considered safe to use dioxan as a solvent. 

Marigold galls of different ages were brushed with different percentages 
of acenaphthene dissolved in dioxan. It was thought that some combination 
of age of tumor and strength of acenaphthene might result in sufficient pene- 
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collapse of young growing cells would finally occur. The action and <‘ffoct 
of colchicine would thus be simulated. However, this did not hapiicn with 
marigold tumors, reg’ardless of their age. Solutions of accnaphlhcne in 
dioxan w'ere irsed up to 10 per cent. In this experiimsit, l(i4 marigold 
tumors, 7, 11, 12, 14, 15, 16, 21, 22, and 34 days old, rcs])(‘ctively. were 
brushed from 1 to 4 times. There were 91 controls for comparison. 

Death did not occur when marigold tumors w(>rc bnislied 4 siu'ci'ssive 
days with a 3 per cent acenaphthene solution and the plants w(m-(' kept in a 
moist chamber to prevent surface drying. In the moist chamber there Avas 



Fio. 1, A. Tumor on Paris daisy produced by inoculating with Baclvrium turnv- 
faclcns, September 3, 1940 ; brushed with 3 per cent acenaphthene in dioxan, October 4, 
1940 ; photographed October 10, 1940. B. Control of A, C. Paris daisy inoculated with 
Bact. iumefacienSf May 7, 1940; brushed with a-methylnaphthalenc 50 per cent, June 14, 
1940; Photographed, June 17, 1940* D. Control of G. E. Guinea gold marigold inocu- 
lated April 22, 1940; brushed with n-heptyl aldehyde 20 per cent May 17, 1940. Call 
dead in three days, photograjihed June 7, 1940. P. Control of E. The brushed galls w<*re 
dead when photographed, or died a few days later. All x 1. 

some penetration as indicated by slirinking and darkening of the tumors, 
but there Avere enough tumor cells alive and fnnetioning to allow Bacivnliin 
f/umef(iciens to get a new start. This was shown by the development of ont- 
growths at the edges of the shrunken and darkened tuniors. Tlu'se reju- 
venated tumors eventually became as large as the controls. Thirty-one 
treated marigold galls and 47 controls were studied under moist-chamber 
conditions. 
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some died (Pig. 1, A; control B), and the growth of others was inhibited. 
Out of 44 treated daisy tumors of different ages, 24 died. 

A saturated water solution of the slightly soluble acenaphthene was 
used for watering marigold seedlings, later inoculated with Bacterium tume- 
faciens to learn whether or not the intake of this chemical would inhibit 
tumor production. Twenty-five marigold seedlings 2 to 2^ in. tall, grown 
in 3-in. pots, were watered daily for 10 days, each plant receiving 20-25 cc. 
of the solution. Sometimes crystals of acenaphthene were visible on the 
surface of the soil, but apparently without seedling injury. On the 10th 
day the 25 plants were inoculated, also 10 control plants. In 5 days the 
swellings at the points inoculated on the treated plants were larger than 
those on the control plants, a stimulation probably due to the chemical. 
The leaves were larger and had a broader horizontal spread in the treated 
plants than in the controls. This difference, however, lasted no longer than 
a week, after which the controls and treated plants appeared the same. 

Pour marigold and 4 daisy plants, 13 and 17 days old, respectively, bear- 
ing galls and growing in 6-in. pots were also watered with the acenaphthene- 
saturated water solution. The marigold galls were 5-7 mm. and the daisy 
galls -4-8 mm. in diameter. Each plant received 150 cc. of the solution per 
day for 10 days. Neither stimulation nor inhibition of the tumors on the 
treated plants was noted in comparison to the controls of the same age. 

Haig Dermen examined free-hand sections of young daisy galls that had 
been brushed 3 times with 3 per cent acenaphthene dissolved in dioxan. 
The galls were first brushed when 16 days old and were examined 10 days 
later. In the interim they had received 2 other brushings with the same 
chemical. Dermen ’s statement is as follows: Judging from 2 free-hand 
sections of young daisy galls, one treated with acenaphthene and the other 
untreated, the effect of acenaphthene appears to be comparable to that of 
weak colchicine (0.01 per cent solution) brushed on young marigold 
tumors.^’ As it required a 1 to 2 per cent solution of colchicine to induce 
definite polyploidy in young daisy and marigold tumors, and ultimately 
kill them, the effect of the 0.01 per cent solution was slight,* increase of 
nuclear and cell size occurred near the periphery (3) or in small areas (4). 

Experiments with a-methylnaphthalene 

A-methylnaphthalene in a saturated water solution, also a-nitronaph- 
thalene and 3-5-dibromopyridine in saturated water solutions were all 
brushed twice on 12 Prench marigold and 16 daisy tumors, as had been 
done with acenaphthene. Lanolin, mixed with each of these chemicals, also 
was brushed on other marigold and daisy tumors. All results were negative. 

Since a saturated water solution of a-methylnaphthalene had no effect 
when brushed on marigold or daisy tumors, the straight chemical and a 50 
per cent emulsion were tested. Pigure 1, C, shows a 38-day-old daisy tumor 
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The full strengtli of a-methylnaplithalene was bruslied oiiee on luari^’old 
tumors 8, 17, 21, 28, 31, 43, and 44 days old, respectively, and fi'cnn 4 uim. to 
2|- cm. ill diameter. Tlie older tumors were still ji'rowiu.u when ireattal. In 
all, 55 tumors were bruslied and 38 were held as controls. Tumors ef 2d days 
and older, darkened and died in from 2 to 7 <lays after brushin.u’. Yomi<r 
8-clay-old gulls did not shrink or darken under the treatment, but wto’e iuoin^ 
or less inhibited and grew to only half the size of the controls. 

Forty-nine-day-old tumors on Bryopfn/llum piiniatam (Lam.) Kurz, 
white, sound, and growing well, showed no effect from the full-st jamgth 
a-metliylnaphthalene, while 23-day-old tumors on the closely related }>lant 
Kalanchoc daigreinontimia (Ham. and Per.) Berger darkened in 1 day and 
w^ere dead in 2 weeks. The vessels, however, thn)ugh these dead tumoi-s atul 
the dead stem tissue occurring just above and beknv them, continued to 
function for some time, as shown by the fact tliat the other ]>art.s of the 
plants lived more than a month. 

A-methylnaphthalene, full strength, wuis brushed once on 27 daisy 
tumors 3 mm. to cm. in diameter, aged 7, 27, 30, 36, and 49 days, respec- 
tively. All w^ere killed in 2 to 7 days, except those 7 days old. These dark- 
ened and ceased growdng but did not die. Thirty-one tumors were kept 
unbrushed for controls. 

T-wo briishings of a 50 per cent emulsion of a-metliylnaphthalene acted 
much the same as one brushing of the full-strength chemical by killing the 
older tumors and inhibiting the younger ones. Seventy marigold tumors 9, 
15, 27, 28, 33, 41, and 44 days old and 18 daisy tumors 9, 27, 38, and 49 days 
old were treated, while 50 and 24 controls, respectively, were held for com- 
parison. 

When 2 per cent and 10 per cent aeenaphthene, respectively, were added 
to 50 per cent emulsions of a-methylnaphthalene and brnshed on bacterial 
plant tumors, the results were essentially those of a-methylnaphtlialene 
emulsion alone. Growth in young marigold and daisy tumors usually %vas 
retarded after brushing with emulsions containing either the 2 or tlie 10 per 
cent aeenaphthene and the tumors either did not grow at all or weia^ sinalbu* 
than the controls. There were some cases where small tnmors, 4 to 8 mm. in 
diameter, after retardation, finally reached the size of tlie controls, and 
occasional tumors of this size were not retarded at all. 

Tumors 30 days old and older, 1 cm. and over in diameter, usual!}' dark- 
ened immediately and died in 2 to 7 days. 

Experiments with Apxole 

Apiole is an oily, non-volatile compound extracted from parsley seed. 
It is one of the few plant extracts said to produce polyploidy (7). Its 
effect on bacterial plant tumors was unlike that of colchicine. 

Twelve Paris daisies, inoculated 17 days, bearing tumors 4-8 mm. in 

1 I T »,i n il. ... - ~ — 



1942] Brown: Effect of Chemicals on Tumors 31 

place in the galls in 24 hours, so they were brushed again. In a month the 
treated tumors on both daisy and marigold were alive and had grown, but 
were smaller than the controls. Dwarfing followed the treatment but 
neither darkening nor death. 

Fifteen marigold seedlings were watered with a 2 per cent apiole emul- 
sion on 5 successive days, after which the stems were inoculated with Bac- 
terium tumefaciens. The treated seedlings appeared less thrifty than the 
nontreated ones. That this difference in degree of vigor influenced the size 
of the galls is shown by the observation that a month after inoculation, the 
tumors on the apiole-treated plants were \ the size of those on the controls. 
About 3 weeks later the apiole-treated plants had sickened and died, but 
there was no prevention of tumor formation. 

CHEMICALS NOT KNOWN TO CAUSE DOUBLING OF CHROMOSOME NUMBER 

Two chemicals, normal heptyl aldehyde and methyl salicylate, not known 
to cause chromosome-doubling and used by animal pathologists in the con- 
trol of mouse tumors, also were used in these experiments. With mouse 
tumors, growth is reported as slowed down j liquefaction, regression, and, 
even disappearance, of tumors following without affecting normal cells 
(16, 17). 

Experiments with Methyl Salicylate 

The tests consisted of (a) watering seedling marigold plants with emul- 
sions of methyl salicylate to learn what effect this might have on tumor 
formation; (b) watering older marigold and daisy plants, having sizeable 
stem tumors, with emulsions of methyl salicylate; and (e) brushing tumors 
of different ages with methyl salicylate. 

Marigold seedlings were watered for 5 successive days with different 
strengths of emulsions of methyl salicylate, after which the seedlings were 
inoculated with Bacternim tumefaciens to learn whether or not the forma- 
tion of tumors would be prevented or perhaps delayed. The watering was 
continued for 12 days, each seedling receiving daily 20 to 25 cc. Of the 6 
different strengths of emulsion tried, 0.3 per cent was the only one that did 
not kill the seedlings. One per cent, and higher, emulsions killed the seed- 
lings in 1 to 2 days. In less than 2 weeks after inoculation tumors began 
to form on seedlings watered with 0.3 per cent emulsion. This was 5 to 6 
days later than the controls, but the tumors soon reached the size of the 
controls. 

Six large marigold plants, growing in 6-in. pots, with tumors 18 days 
old and 8 mm. to 1 cm. in diameter, were watered 18 times with 0.3 per cent 
emulsion of methyk salicylate. Twelve days after the watering began the 
tumors had become somewhat shrunken and slightly changed in color. No 
further change took place, even up to 22 days. 

Six large Paris daisy plants with galls 21 days old. 5 mm. to 1 cm. in 
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started the galls began to shrink and darken; in 18 days they had become I 

dry and dark; and in 24 they were dying. In 31 days the plants, them- " 

selves, began to show effects of the treatment by a yellowing of the leaves. 

At this time the control tumors were still growing. 

Brushing young marigold tumors, 12 to 19 days old once with full 
strength of methyl salicylate, did not kill them. It retarded their growth 
for a time, but later they recovered and reached their full development. 

When marigold tumors were 30 to 44 days old, but still growing, they be- 
came shrunken, turned black, and died in less than a week (Fig. 2, A; con- : 

trol 2, B). French marigold tumors succumbed more readily than did 
those of the Guinea-gold marigold. Usually, if the tumors were larger than [ 

1 cm. across, they died. The stems of treated plants were uninjured. 

Marigold tumors 11 days old, 5 to 9 mm. in diameter, died subsequent to 
brushing 3 times at intervals of 1 day between brushings. This was a very 
severe treatment. The plants in this series brushed once remained alive 
and continued to grow. 

Daisy tumors were far more sensitive to the full-strength methyl sali- 
cylate than were the marigold tumors. Some of them shrank nearly to half 
size, while the plant remained healthy. Daisy tumors 16 days old, 8 mm. 
to ll cm. in diameter, and daisy galls 26 days old, 1^ to 2| cm. in diameter, 
and still growing, were all dead 10 days after brushing. Very young daisy 
tumors 7 days old, 3-4 mm. in diameter, were inhibited in growth and 
became slightly darkened but did not die. 

Pull-strength methyl salicylate brushed on Kalanchoe diagremoniiana 
tumors 2 months old, killed them but did not kill Bryopkyllum pinnatiim 
tumors of the same age. The Kalanchoe controls were alive and growing 
4 to 5 months later, while the brushed ones were dead in less than 3 weeks. 

The treated Bryophyllum tumors were alive and growing after 5 months. 

Experiments with N-heptyl Aldehyde 

Twenty-five marigold seedlings were watered with n-heptyl aldehyde, 
each of 5 plants receiving 1,000, 700, 500, 200, and 100 parts per million, 
respectively. At the seventh watering the plants were inoculated with 
Bacterium tumefaciens. Thirteen days after commencing the experiment 
the treated seedlings were larger and more vigorous than the 25 nontreated 
controls. Nine days after inoculation, the galls on the treated seedlings 
were aS large as those on the controls, and continued to grow equally well. 

Other marigold seedlings were watered with 2 per cent, 1, i, and i 
per cent n-heptyl aldehyde. These seedlings were able to withstand the i 
and I per cent emulsions, and a few were not killed by the i per cent emul- i 

sion. Most of those watered with the 2, and 1 per cent emulsions died. 

After watering with the i and ^ per cent emulsions, respectively, for 5 suc- 
cessive days, the plants were inoculated with. Bacterium tumefaciens and 
the watering continued 5 more days. Tumors formed on the seedlings and 
grew as well as on the controls. 
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Brushing 25-daj^-old marigold tumors 1 to 1| cm. in diameter on 2 suc- 
cessive days with a 5 per cent emulsion of n-liejityl aldfliydo was without 
effect. When 18-day-old marigold tumors, 5-7 mm. in diameter, ivere 
brushed with a 10 per cent emulsion there was some darluning from whieli 
the tumors recovered. Other marigold galls, 20 days old, brushed with tlui 
10 per cent emulsion, became darkened for a time but recovered later. How- 
ever, 1 brushing of a 20 per cent emulsion killed 12 marigold tumors 25 days 
old in 3 days (Fig. 1, E; control 1, P). Bight other marigold tumors 2.5 
days old, treated Avith the 20 per cent emulsion mixed with bentonite, also 
Avere dead after 3 days. In addition, seven 35-tlay-old marigold tiimons 
blackened and died in 3 days after 1 brashing Avith tins mixture. There Avas 
a slight stem injury Just above and beloAv the tumors Avitli the 20 jot cent 
emulsion. Young marigold tumors 8 tlays old and 4-5 mm. iit diiimeter wero 
not affected by 1 brushing of the 20 per cent emnlsion. Xo change oee.nrred 
in the 12 galls in a week, and, in 10 days, they AA’ere nearly the size of the 
controls. 

Pull-strength n-heptyl aldehyde produced a rapid toxic effect on 12 mari- 
gold tumors 14 days old. Pour hours after hrusliiiig, the tumors Avere 
shrunken and the stems darkened on either side of the outgroAvth. In 24 
hours the stems of 8 of the 12 plants had collapsed and bent over at the site 
brushed, and the tumors were dead. 

Paris daisy tumors, 18 days old, brushed Avith full-strength n-heptyl 
aldehyde, were not affected in 24 hours as were the tumors on marigold 
plants, nor did the daisy stems bend over as did the marigold stems. In that 
time the daisy tumors had shrunk a little and a few leaves had dropped. In 
2 days all 12 of the daisy tumors were shrunken and beginning to dry.' In 
11 days the tumors were alive and had grown some, but in 18 days 6 out of 
the 12 were dead. The other 6 continued slowly to increase in size. 

Daisy tumors, 46 days old, varying in size from 8 mm. to 11 cm., Avere 
brushed with a 10 per cent n-heptyl aldehyde emulsion. In 3 daA-s 6 of tlie 
10 tumors brushed had shrunk and darkened and the leaf petiole near the 
galls also had darkened. In 10 days all the galls were blackened but still 
alive. In a month, however, they were dead, while the plants were still in 
very good condition. f 

Methyl salicylate and n-heptyl aldehyde seemed to liaA^e a toxic effect on 
both marigold and daisy tumors, according to the age and growing (jondition 
of the tumors and the strength of the emulsion used. In most eases vonng 
tumors were less susceptible to the chemicals than the older ones. 

DISCUSSION- 

The results with aeenaphthene in experiments with plant tumors AA-ere 
unlike tho^se with colchicine. With the latter, there was stimulation of cell 
groAvth followed by cell collapse and death. Marigold tumors were practi- 
cally unaffected by aeenaphthene dissoh'ed in dioxan, regardless of age or 
growing condition, while the daisy tumors, if not too young, beeaine shrunken 
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and blackened. Toung daisy galls were unaffected. Out of a total of 164 
marigold tumors brushed with acenaphthene dissolved in dioxan not one 
died. Any slight inhibition of growth that took place was overcome in a 
short time and the treated tumors soon reached the size of the controls. 

Of the 44 daisy tumors bi*ushed with acenaphthene dissolved in dioxan, 
24 died. The other 20 lived and in most cases eventually reached the size 
of the controls. In no case did a young daisy tumor brushed with this solu- 
tion show more than a slight darkening ; indeed, those brushed when 31 days 
old, although at first somewhat shrunken and darkened by the treatment, 
entirely recovered. 

It seems that the slowly penetrating acenaphthene is taken care of in a 
young growing plant by dispersion throughout its system. This gives a 
chance for the tumor to recover and continue its growth. Dispersion does 
not take place in the case of older daisy tumors. There were some differences 
in the reaction of tumors to the other chromosome-doubling chemicals, but, 
in the main, the action of these chemicals closely resembled that of acenaph- 
thene. 

According to Derinen’s findings, the nuclei of young plant tumors seem 
not to be very much affected by acenaphthene, either because of a lack of 
penetration or from other causes. It is possible that death of older tumors 
may occur because there is not enough active growth for a systemic absorp- 
tion of the chemical by the plant and a lytic effect follows because of its 
concentration in the tumors. 

SUMMARY 

The chromosome-doubling chemicals acenaphthene, a-methylnaphthalene, 
a-nitronaphthalene, 3-5-dibromopyridine, and apiole did not act on bacterial 
plant tumors produced by Bacterium tumefaciens in the same way as colchi- 
cine. The plant-tumor cells seemed to have their own specific response to the 
given chemical according to the species on which the tumor grew and, with 
a few exceptions, according to the age of the tumor. No excessive doubling 
of chromosomes in the nuclei of young tumors treated with these chemicals 
took place as did in young tumor nuclei treated with colchicine. 

There was no stimulation of tumor growth by acenaphthene, except in 
those plant tumors brushed with this chemical dissolved in chlorinated- 
naphthalene and temporarily in those seedling marigolds watered with a 
saturated water solution of acenaphthene. 

Acenaphthene dissolved in dioxan did not produce the noticeable stimu- 
lation of tumor development so characteristic of colchicine before inhibition 
and death take place. Three per cent acenaphthene in dioxan did not kill 
marigold tumors, young or old; it killed Paris daisy tumors 36 or more days 
old but not young daisy tumors. 

Any inhibition of growth of marigold tumors by the action of acenaph- 
thene dissolved in dioxan was usually overcome, and the treated tumors on 
reaching maturity were the size of the controls at maturity. 
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Paris daisy J 3 to 4 mm. 5 7 | 1 3 33 | ^ darkened and inhibited. 
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Dwarfing occurred when apiole was brushed on tumors, but tliere was no 
darkening or death. 

Pull-strength a-inethylnaphthaleue brushed on young marigold jnul Paris 
daisy tumore inhibited further growth; it killed old but growhig tumors on 
both hosts. A 50 per cent emulsion had much the same efiVct. The two 
related plants Bryoi^ht/llmi pimuifum and Kaknclwr daiyn iv- 

sponded dilferently to a a-methylnaphthalene brushed on stem tumors In 

a month there was no effect on Bryophyllum, while Kalanehoe tumors were 
dead m 2 weeks. 


A-mtmiaphthalene and 3-5-dibr()iuo])yridine were used euly in satin 
rated water solutions and in lanolin paste. Young and old Paris daisv and 
mangold tumors were brushed with these tdiemicals, witli nnuitivi' results 
Two chemicals, heptyl aldehyde and methyl salicylate, not kuod. to be polv- 
ploidizmg agents, but used by animal pathologists in the control of mouse 
tumors were also applied to bacterial plant tumors. Brushing normal heptvl 
aldehyde full strength on 12 marigold tumors, 14 days old, killed them in 
24 hours while 18-day-old daisy tumors became slightly shrunken. In 3 
weeks only half of the 18-day-old tumors were dead; the other 6 tumors con- 
tinued to m and grow. A 20 per cent emulsion of n-heptyl aldehvde killed 

daL^tumors. 46-day-old 

■ ^ 15-da,y-old mangold tumors. Paris daisy tumors, 16 to 26 davs 
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EYE-SPOT OP NAPIER GRASS IN HAWAII, CAUSED BY 
HELMINTHOSPORIUM SACCHARP 


G. K. Paeris 

(Accepted for publication April 27, 1941) 

INTRODUCTION 

Napier grass {Penniseium purpureum Sehiau.) was first iutrodureil 
mto Hawaii in 1912 from Africa (31) j since that time it has become higidy 
ejeemed by local ranchers as a soiling crop and for pastures. In October 
39 specimens of diseased Napier, or elephant grass as it is also call(>d' 
which showed lesions on the leaves, leaf sheaths, and stems, together with li 
general killing of the plant, were received from Kona, on the Island of 
Hawaii. Since the original outbreak, the disease has spread to all of the 
islands of the Hawaiian group, causing appreciable losses. In the present 
paper facts concerning the disease and its causal agent HeJmhitlwsponnm 
sacehan (van Breda de Haan) Butler, are presented. 

SUSCEPTS 
Plants Affected 

Napier grass and sugar cane (Saccharum officinarum) are the plants 

Te lelws“of ^ reported that 

t JnZ °"ts, maize, sorghum, rice, ^nd Pennisetum 

typhoideum are also susceptible. The writer has demonstrated that P 

^rZlZC (24) has reported that Guatemala 

g ass (Tnpsacum laxum), growing alongside severely diseased Napier 

showed no symptoms of disease. " 

Varietal Susceptibility 

Stokes and Ritchey (28) report that resistant and immune strains of 
Napier grass are known m Florida. Voorhees (29) inoculated a number of 

infected'’^“p “immune” strains became 

Nap erxMerker crosses developed by the Hawaii Agricultural B.xperiment 

Station are resistant to the disease ( 22 ). , 

THE DISEASE 

Name 

Vn “eye-spot” was assigned to this disease of Napier grass bv 

pxn “ - - 

Agricultur^^E^^ment ItSn^ director as Technical Paper No. 81 of the Hawaii 
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History and Range 

Paterson (24) probably is referring to eye-spot when he describes a dis- 
ease of Napier in Trinidad in 1933, which produced elongated, reddish- 
brown spots on the leaves. Ultimately the leaves were killed and the plant 
was checked in its growth. Stell (26) also records eye-spot on Napier in 
Trinidad; adjacent sugar cane was unaffected. In 1935, Leukel and Camp 
(15) mention that yields of Napier in Florida were severely reduced by a 
disease, which Stokes and Ritchey (28) and Voorhees (29) later demon- 
strated was eye-spot. The disease probably occurs in other parts of the 
tropics on Napier, but no further references have been found in the 
literature. 

In Hawaii eye-spot undoubtedly was present some months prior to its 
discovery, for the first specimens examined were in advanced stages of the 
disease. According to statements by ranchers of long standing in the Kona 
community, many years ago a similar outbreak occurred and fields of Napier 
were destroyed ; later, the disease disappeared. Whether or not the disease 
in question was eye-spot is uncertain, but it is significant to note that Pater- 
son (24) records that sudden fluctuations in the severity of eye-spot are not 
uncommon. 

Importance 

This disease may cause losses in any one or all of several ways. The 
leaves may be killed prematurely or be so badly affected that they dry out 
and become unpalatable. On the stems, cankers are formed which interfere 
with normal physiological activities of the grass and cause premature dry- 
ing and shedding of foliage. Cankered stems quickly become pithy and 
hollow and unfit for stock feed. Young buds, at or near the soil level, may 
be weakened or killed outright. Secondary organisms enter the rootstock 
by way of these dying or dead buds, and initiate decay. 

Losses due to this disease are undoubtedly of appreciable magnitude, 
but no monetary estimate has been made. Where the disease has appeared 
in severe form, entire plantings have been rendered useless for fodder, and 
many have been plowed and replanted with other grasses. 

Symptomatology 

Morphologic Symptoms on the Leaves. Initial spots appear as small, 
yellowed areas within normal green tissues ; later, the spots turn reddish- 
brown and may exhibit a yellow halo. The center of the spots may be 
lighter brown than the periphery, and sometimes one or more rings are 
present to give a zoning effect. In shape, the spots are oval and fairly regu- 
lar in outline except where two or more coalesce to produce an irregularly 
shaped lesion (Pig. 1, A). They measure 1 to 6 mm. long by 0.5 to 2 mm. 
wide, with the greater dimension always parallel to the long axis of the leaf, 
and are very similar to spots described by Yoorhees (29) . 

Runners or streaks may be present on diseased leaves (Pig. 1, B), ex- 
tending from the primary lesion for several inches toward the apex of the 
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leaf. Their color is essentially the same as tliat ol' old k 
tissues involved are obviously dead. Compared to the dainaj. 
sugar cane in Hawaii by eye-spot runners ( 18 ), the thum 
caused by runners is slight. Streaks of dead tissue not assoc 
mary lesions, accompanied by antboeyanesceneo, niav also b 


Fig. 1. 

On leaves ; in B, 
and internal, anc 

the leaves. 
and probably 


rSe^raTelhowf “n T 

and withering of stem, k^abhy e”ter ’ 

These streaks usually are found on plants with cauk^ 

y are due to disturbance of the normal funetioni 
vascular system of the stem by the pathogen. 

oort pronounced on old leaves than 

by M^timrTS^ IS seldom attacked. This is in opposition t 
by Martin ( 16 ) and others in Hawaii for the effect of eye-snot < 
ible varieties of sugar cane. Severe infection causes the leaver 
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dry out, and die prematurely in acropetal succession : eventually, most of 
the leaves hang pendent or fall to the ground and the stem is bare except 
for a tuft of three or four leaves. 

On the Leaf Sheaths, Lesions are commonly found on the leaf sheaths 
(Pig. 1, C). They are larger than spots on the leaves, lighter in color, and 
more diffuse in outline. Penetration of the sheath may take place and the 
stem itself be attacked. 

On the Stems. Stem lesions are more elongate than leaf lesions and 
correspondingly narrower (Pig. 1, C). They are smooth at first, regular in 
outline and reddish-brown, with or without a lighter-colored center; later 
they become sunken, irregular in shape, and bluish-purple to black; the 
border may be grayish-white or retain the original reddish-brown color. 
Lesions are found from ground level to several feet above the soil, but usu- 
ally occur on the first 6 inches of the stem. The nodes are more commonly 
attacked than the internodes. Affected stems are shrunken, pithy, and 
partly or completely hollow ; when split longitudinally in the region of 
cankers, the interior of the stem is seen to be diseased or dead in part or in 
whole (Pig. 1, C). 

On the Grown. The crown is seldom affected; occasionally, however, 
diseased tissue can be found and the basal buds are withered and darkened 
and their subsequent growth is stunted. The roots are not thought to be 
attacked, and Voorhees (29) mentions no symptoms on these parts. How- 
ever, plants affected with eye-spot have weakened root systems and are 
quickly knocked over and trampled by grazing animals. Marasmim sp. 
(saccharif) is present in decayed Napier roots; this fungus possibly 
attacks plants debilitated by eye-spot. 

On the Plant as a Whole. Prom a distance, badly diseased Napier ap- 
pears to be blasted by lightning or burned by fire. Plantings that have 
been diseased for some time show an abundance of partly developed adven- 
titious side shoots, in various stages of destruction by the disease. 

ETIOLOGY 

Name, History, and Classification of the Pathogen 

The organism causing eye-spot of Napier in Hawaii is believed to be the 
same as that producing eye-spot of Napier in Plorida, which Stokes and 
Ritchey (28) and Voorhees (29) state is Helminthosporinm ocellum Paris. 
This fungus was claimed by Paris (9), whose data were accepted by Bourne 
(2), to be the cause of eye-spot of sugar cane in Plorida, Cuba, Santo Do- 
niingo, Puerto Rico, and Hawaii. Por many years previously, sugar-cane 
pathologists had ascribed eye-spot to H. sacehari Butler (4), spoken of in 
India, from which it was originally described in 1913, as the cause of ‘^hel- 
minthosporiose,’^ Paris’ arguments in favor of the erection of a new species 
were based on a difference in symptom expression and spore length. H. 
sacehari wms reported to occur equally on the midrib and the thin part of 
the leaf and to have a mean spore length of 47.5 q, while Paris found that 
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H. ocelliim occurred more frequently on the thin part of the leaf than else- 
where, and the mean spore length was 69 p. Invc-stigators ])rior to Fai-is 
had similarly found that the spore length reported by Ihitler was unusual] v 
low and that II. sacckari, or Cercospora sacchari van Breda de llaan (3). 
as it was incorrectly named, produced spores that varical in mean length 
from 61 p to 78 p, depending on the observer (Tabh- 1). 

Mitra (20), working in India, has more recently shown tliat Bulier’s 
spore measurements do not indicate the full range of vuri;d(ility of JI. 
sacchari, and that spore length, color, and curvature are dihenuiued by tem- 
perature and by the substrate on which the fungus is grown. Tuslead of 
47.5 p as the mean spore length, the figure should be advanced to 68.3 p, 
which is almost identical with what Paris found. In a second paper Mitra 
(21) concludes that H. sacchari and its strains (saltants) have a range of 
variation in spore dimensions sufSciently wide to include all forms of Ilel- 
minthosporium causing eye-spot. 

McRae (19), also working in India, made a comparative study of the 
physiology of S. sacchari, H. ocellum, H. stenospilvm Dreeh.sler.“ now 
known as Cochlioholus stenospilus (Carp.) M. and Y., and the unidentified 
species of Helminihosporium of Priode (25). The last 3 species were ob- 
tained from Florida, the H. sacchari from India. McRae’s findings can be 
summarized as follows: (a) On certain media the species were much alike 
and appeared to be closely allied, while on other media they differed in cer- 
tain cultural characteristics; (b) the range of spore measurements of the 
species and their strains under standard conditions fell within the range of 
H. sacchari and its saltants ; (c) H. sacchari and H. ocellum were much 
alike, and from^ their growth in culture, spore length, and septation ap- 
peared to be allied; and (d) the type and color of lesions produced on cane 
leaves by the species and their saltants differed so slightly from those of 
each other that it was almost impossible to distinguish the fungi by their 
spot characters._ McRae considered H. ocellum to be identical with H. 
sacchari but a different strain and recommended that the name H. sacchari 
Butler, with its amplified description by Mitra (20), be maintained for 


At 21° C., on corn-meal agar: 


2 McRae (19) found one mutant of Selmmthospormm saccharL which nrotliiced 
similar in size and septation to spores of K, stenospihm; Dreehsler (8) seDaratofl tlio fwn 
on the basis of the larger spores of S. stenospilum and a diSnL in symmon s w ith n 
stenospilum causing broTO stripe. Martin (16) renorts that mA'iqnrmyiot-.if i-* 

0 the brown-stripe fungus in^Hawaii dem^LtS that ?t W to d stiZJs)^ 

(weighted mean 46.1 p) by 
9.6-18.4 II (weighted mean 13.0 p) with 
oo (weighted mean 5.4). 

A ^ (weighted mean 51.3 u) by 
p.0-20.0 p (weighted mean 14.9 p) with 
6 8 septa per spore (weighted mean 5.8). 

At n spores produced after one month 

In Mior and shape, offf, A ' 

”• “"W- Martin.. (IsYpAvton. 


I>itto, on 1-per cent-sucrose agar: 


Ditto, nutrient agar : 


TABL/E 1. — Length, width, sept a Lion, color, and shape of spores of M, sacohari as found hy various investigators 
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eve-spot in Cuba, Florida, etc. Stevenson and Kaiuls (‘>7) aec*ept t 
elusions of Mitra (20, 21), and McKao (19) aiul list JI. onUum as 
onym of if. saccliari, wliieli is stated to he a lii-hly variahh' i'uui; 
apparently existing as a number of different strains with saltation e~ 
The eonidiophores of H. saceJiari from Xai)ier atv iioid.ranehed 
septate, with angular inequalities or genieulations marking the inser 
an originally apical spore. The spores, to he deserihed in more d(‘tai 
are straight, moderately or markedly curved, longadliptical with tin. 


"• ■COfiN MEAL 

-NUTRIENT 

-SUCROSE 


r the middle or at one end, gradually tapering tc 
d ends, and many septate : they germinate from o 
In color they vary from light to dark brown. 

Physiology 

tase appeared on Napier in Hawaii, diseased mat 
of the principal islands of the Hawaiian groui 
sveral localities on each island, and the Selminth 
ilates were thus obtained. A single isolate of H. 
1 cane diseased with eye-spot, obtained from the 
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of the HaAvaiian Sugar Planters^ Association Experiment Station, Hono- 
Inlii; later, the AAnnter AA^as given 2 additional cultures of IL saccharic iso- 
lated from the same locality several years previously, by J. P. Martin, plant 
pathologist of the sugar station. Napier isolates are hereafter designated 
in the text as H. sacchari (N) and the cane isolate is designated Pf. sacchari 
(C). The isolates of H. saochari (N) and of H. sacchari (C) AA’-ere studied 
side by side on various culture media, ^ at different temperatures, to deter- 
mine groAvth characters and the formation, size, and color of spores, in alter- 
nating light and darkness and in continuous darkness. All media, except 
Shear ’s corn-meal agar, Avere adjusted to pH 7.0. 

Effect of Temperature 

Growth. The effect of temperature on the groAAffh of Eelniinthospormm 
sacchari (N) (Pig. 2) aaus determined, using a single isolate obtained from 
KaAAuiloa, Oahu. The fungus v^as transferred on blocks of corn-meal agar, 
as nearly equal in size as possible to duplicate plates of standard nutrient, 
corn-meal, and 1 per cent-suerose agars, AA^hich AA^ere placed at 36.5°, 28°, 
21° and 16° C. in continuous darkness for 8 days, AAdien the groAAffhs ob- 
tained Avere measured. Results, illustrated in figure 2, indicate that H. 
sacchari (N) groAvs aa^’cII OA^er the range 16 to 28° C. SomeAchat less groAvth 
is obtained at the loAver than at the higher temperature, except on sucrose 
Avhere temperature affects the type, as Avell as the amount, of groAAffh. This 
point is discussed later. At 36.5° C., groAAdh is sIoav. The optimum tem- 
pex’ature seems to lie betAveen 21° and 28° C. No comparable studies Avere 
made with S. sacchari (C), but good groAAffh AA^as obtained Avith all 3 cul- 
tures (single isolate) on all media at 21-28° C. GroAAdh Avas more rapid at 
the higher figure. Halma and PaAvcett (10) haA^e previously shoAAUi that H. 
sacchari (C), from HaAA^aii, has an optimum betAAoen 20° and 29° C., AAuth 
more rapid groAAdh at 29° than at 20° C. Bourne (2) found that 23.5° Avas 
optimum for H. oeellum from cane, but likewise obtained good growth from 
21° to 28° C., Avhile Mitra (20) found that the optimum for H. sacchari, in 
India, Avas 30° C. 

On standard nutrient and on sucrose agars, temperature not only deter- 
mined the amount of growth of Hehninthosporium sacchari (N) but also 
the type of groAAdh. On the former medium, Avhite aerial mycelium Avas 
produced at 21° and 28° C., but not at 16° or 36.5° C., and Avas less abun- 
dant at 21° than at 28° C. On sucrose, at 21° and 28° C., the fungus ex- 
hibited sectorial groAvth somewhat similar to that described by Bourne (2) 
at 28° to 31° C. for If. ocelhmi. At 16° C. growth was somewhat similar 
to Bourne’s picture of the fungus at 23° C. 

3 Potato-dextrose agar— 200 g. potatoes, 10 g. dextrose, 18 g. agar, 1000 ec. water. 

Standard nutrient agar — 3 g. beef extract, 5 g. peptone,, 18 g. agar, 1000 cc. water. 

Corn-meal agar — 20 g. corn meal, 18 g. agar, 1000 ce. water ( Stearns for- 

mula) . 

Nutrient-dextrose agar — 3 g. beef extract, 5 g. peptone, 20 g. dextrose, 18 g, agar, 

1000 ec. water. 

1 ])CT ecut sucrose agar — 10 g. sucrose, 18 g. agar, 1000 ce. water. 




NUTIMENT 


SUCROSE 


f^CORN MEAL 


36.5“C 


2Q’C. 


(H), kotoied from 

at 2r\t7atl8"o.‘*’°ClT »" 

weighted means of length width Tm 7*^ ^ ranges and 

recorded. Between differ7“’„7 ■ ?* 

considerable wariation in spore sire jl mechari (N), 

wtm found i less variation L fonnd^Mn 7 ? conditions, 

S. mxhaH (C). ““‘at* (3 cultures) of 

P.ss!t'rr7ta“rdt7ta7^^ ”7"^“- 

f-oxuiea at than when produced at 21° 0. Con- 
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Spore Formation, Size, and Color 

Bourne (2) has reported that Hehninthosporium octllum fails to foni' 
spores at temperatures up to and including 10.G° C,, and at :!n° and ;i8° n 
^ Napier and from sugar cane produced siiores u( 21 -= and' 

16° and^at at 

and at 36.5 C., produced spores less abundantly at 16° tlian at ‘>1° or 

28 , and did not sporiilate at 0. 





TABLE 2 . — Lengthj ividth, septation^ and color of spores of H. saccharic from Napier grass and from sugar cane^ on four different media at 
two different temperatures. One hundred fifty spores were measured from each isolatey on each medium, at each temperature 
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versely, spores of H. sacchari (C) are snialler at 28° than t1le^- are at 21" Q 
except on standard nutrient agar, where spore size is little aftVeted l)^• ■[ 
change in temperature. At 28°, the mean spore length of II. .sarchari (K) 
corresponds very closely to the mean ,s])ore length of If. sacchari ((’' al 
21° C. Mitra (20) has shown that Jf. sacchari, from earn', pi-odiiees hiruer 

spores at 20° than at 30° G., and this is in agreement Avith loeal fimlin"’s for 
H. sacchari (C). 

That such differences can be obtained at different temperatures, rnn, ha- 
sizes the importance of recording the temperature at Avhieh the fungus Avas 
groAvn when spores of Ilelmintkosporiuni sacchari are being measniTd. 

For some isolates of Helminthosporium sacchari (N), temperature had 
little or no effect on spore color, but for other isolates the spoivs Avere tlarke.- 
at 21- than at 28" C. At the higher temperature, several i».l.te I 

spores that were lemon-yellow-broAvn or light yellow-hroAvn with a greenish 

® consistently darker at 21° "than at 

G. The yellowish tint noted above for spores of H. sacchari (XI was 
absent in spores of H. sacchari (C) . 

Effect of Isolate 

(sintff isoTsToT^? the same type of groAvth Avas obtained Avhen the 3 cultures 
(single isolate) of Helminthosporium sacchari (C) were compared on the 
same substrate at room temperature (27-29° C.). In marked contrast eon- 
siderable variability in type of groAvth was found within the isolates (usuallv 
7 in number but occasionally 8) of 5^. sacchari (N) . On certain media the 
differences were particularly outstanding. Cultures were held in eontinu- 
ou darkness or in alternating light and darkness. Zoiiate rings Avere formed 
wi 1 fluctuating light, absent in continuous darkness (Pig. 4). * 

rowth. There was little or no difference in the growth of Helmintho 
spormm sacchari (N) and the growth of H. sacchari (C) on potato-de.xtrose 
agar. Growth was very rapid, the fungus producing a thick mat of <n-.A- 
ish-green, markedly aerial mycelium. Peripheral groAvth remahmd dm’oid 
of color until a plate was completely covered. H. sacchari (C) grew slio-hth' 
more rapidly and tended to produce a greener mvcelium in eoiitbiuoi s d n-k 
ness than in alternating light and darkness. The under side of an old pl-.te 
culture was purplish-black, but the medium was not pigmented ' 

On Standard nutrient, Helmmthosporium sacchari {C) formed a li<dd 

tor example the Kawailoa isolate, also shown in fif^ure 3 resmiUUn i ir 
aacc/mn (C) but differed by producing white aerial mycelium at the center 

obtaine7w2isolaCfr?rl*^^^^^^ 

slowly, while the Kona isolate differ^ aU other N 

sporulating vigorously to impart to the culture a bluish-bSrcoir ''' 
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On com meal, HelmhM sacehari (C) formed a sparse, non- 

aerial, rapidly growing, almost colorless mycelium; 6 isolates of H, sacehari 
(N) grew similarly on corn meal, but tlie isolates from East Molokai and 
Hanalei in addition produced aerial mycelia. 

On nutrient-dextrose, Helminthosporium sacehari (C) produced a lux- 
uriant growth of aerial mycelium, at first colorless, later greenish-gray, and 
finally brownish-black. White tufts of mycelium were interspersed through- 
out the culture, or more than one type of growth was obtained, evidence that 
mutations occur within the species. Submerged hyphae were dark in color, 
but the medium was not pigmented. Crystals were common in old cultures. 
The growth of H. sacehari (N) was variable on this medium, depending on 
the isolate studied. In general, four types of growth have been found, 
namely: (a) Luxuriant, grayish, aerial mycelium with occasional tufts of 
almost pure white hyphae irregularly distributed; obtained with isolates 
from Waimea (Oahu and Hawaii), Bast Molokai, and Ulupalakua. (b) 
Grayish-'white aerial mycelium plus abundant, almost pure white aerial 
m.veelium, the latter not necessarily in tufts, the growth very irregular in 
radial expansion; obtained with Mokuleia isolate, (c) Grayish-white myce- 
lium, evenly overgrown with abundant white mycelium; obtained with 
Hanalei isolate, (d) Abundantly produced spores giving a bluish-black 
color to surface of culture with little or no white mycelium visible until sev- 
eral days after surface of a plate is covered, when a few tufts may appear, 
particularly at the center of the plate ; obtained with Kona isolate. 

On 1 per cent sucrose agar, in alternate light and darkness, Helmintho- 
sporium sacehari (C) formed a zonately ringed growth, which was dark 
greenish-brown by transmitted light and dark-brown with a greenish tint 
by reflected light. The type of growth resembled that pictured by Bourne 
(2) for H. oeellnm at 33° C. In continuous darkness, there was reduction 
in growth (Pig. 4) ; the center of a plate culture was light brown wdth a 
greenish tint, wfliile peripheral growth was dark green, almost black, and 
irregular. The older the culture, the more distinct w^ere the colors. 

The Kaw’ailoa isolate of Helminthosporium sacehari (N) was the only 
one studied on sucrose in alternate light and darkness. Growth was at first 
light-brown soon changing to dark-green, with an irregular, slightly dichoto- 
mously branched margin (Pig. 4). Zonate ringing was present but was 
not pronounced. In continuous darkness, growth of this isolate was more 
rapid (Pig. 4) and the fungus resembled H. oeellnm at 31° C., as pictured 
by Bourne (2). Isolates from Waimea (Oahu) and Ulupalakua grew simi- 
larly on sucrose, but with other isolates, 3 additional types of growth were 
obtained, namely: (a) Mycelium light yellow-green with margin of culture 
slightly darker; obtained with isolates from Waimea (Hawaii) and East 
Molokai, (b) Same as Kawailoa isolate, but fungus produced peripheral 
sectors of grayish-brown mycelium, reminiscent of the growth of the Napier 
fungus on nutrient-dextrose; obtained with Hanalei isolate, (e) Paster 
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growth than obtained with other isolates, darker, with dichotomous branch- 
ing pronounced; obtained with isolates from Kona and Mokuleia. The last 
isolate formed some white aerial mycelium (Pig. 5). 



Fig, 5. Cultural variability in 8 isolates of JSelminthosporium sacohari from Napier 
grass and cane when grown on sucrose agar (A and B) and standard nutrient agar (0 
and D). Order in which isolates occur from top to bottom: A and 0, Napier from 
Hanalei, Napier from Mokuleia, Napier from Kona, and cane from Makiki; B and B, 
Napier from ITlupalakua, Napier from Waimea (Oahu), Napier from Waimea (Hawaii), 
and Napier from East Molokai. 

Substrate bad less ejffeet in changing spore size than did temperature. 
However, spores of Helminthospornm sacohari (C) were consistently 
shorter on nutrient-dextrose than on any other medium. Few to no spores 
were produced by S. sacohari (N or C) on potato-dextrose agar. The Kona 
and Hanalei isolates were unique in that they sporulated on standard nutri- 
ent as well as on corn-meal and on sucrose ; the Kona isolate in addition 
sporulated on nutrient-dextrose, thereby resembling E, sacohari (C) more 
closely than any other isolate of H. sacohari (N). 

The color of the spores of E. sacohari (N) varied from yellowish-brown 
through smoky-brown to dark-brown, depending on the isolate and the sub- 
strate ; spores of JT. sacohari (C) varied from very pale-brown (almost color- 
less) through smoky-brown to dark-brown. 
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Elfect of Previous Growth Medium 

Growth of Helmimiliospormm sacchari (C) and of 11. sacchari (N)"^ was 
influenced by the medium from which the inoeiiluin was obtained, particu- 



larly when the fungus was grown on 1 per cent sucrose (Pig. 6). If inocu- 
lum was taken from standard nutrient, subsequent growth on su(n‘os<‘ was 
faster than if the inoculum was obtained from sucrose or from (^orn meal 
if. sacchari (C) pi’oduced white tufts of mycelium on siuu’ose wiien trans- 
ferred from nutrient but not when the inoculum was transftu'red from 
sucrose or corn meal. These differences were not observed when the fungus 
was transferred to corn-meal or to nutrient from any other medium. 


FROM Siicmsz FROM NUTRIENT FROM CORN MEAL 

NAPIER ON SUCROSE 


FROM SUCROSE FROM NUTRIENT FROM CORN MEAL 

ON SUCROSE 
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Pathogenicity 

The fungus is easily isolated in pure culture from diseased Napier leaf 
or stem lesions. Spores were atomized on healthy Napier plants which were 
then placed in a moist chamber for 12 to 18 hours, removed, and transferred 
to the greenhouse. Symptoms appeared in 2 to 3 days and closely resem- 
bled those observed in the field but seldom attained equal severity. Prom 
the artificially induced lesions, the fungus ^vas re-isolated and identified in 
pure culture, thus completing Koch’s rules of proof. Voorhees (29) has 
also demonstrated the pathogenicity of Helminthosporium saccJiari {ocel- 
him) to Napier. 

On varieties of sugar cane susceptible to Helminthosporium sacchari 
(C), strains of H, mcohari (N) fail to produce typical eye-spot.*"^ Small, 
linear rather than elongate lesions are formed, and runners are absent. The 
Napier strains are not regarded locally as a menace to sugar-cane produc- 
tion. The writer has demonstrated that cane varieties resistant to H. sac- 
chari (C) are not affected by anj^ of the 10 isolates of H. saocJiari (N). 

Helminthospormm sacchari (C), single isolate only, was tested for its 
pathogenicity to Naxiier. The plant is susceptible, but lesions are small and 
not of economic importance. Merker grass, highly resistant to H. sacchari 
(N), is apparently immune from H. sacchari (C). 

EPIPHYTOLOGY 

Unlike eye-spot on sugar cane, which is most severe in Hawaii during 
the winter months (16), ej^e-spot on Napier may be severe at any time of 
the year. Plants suffering from drought or inadequate irrigation appear to 
be more susceptible and are killed more rapidly than those receiving ade- 
quate moisture. 

No effect on the severity of eye-spot has been noted from differential 
fertilization of Napier with N, P, or K; the disease thus differs from eye- 
spot of cane, which is severe on plants receiving heavy applications of 
nitrogen (16). 

CONTROL 

The disease can be controlled in large measure by replacing Napier with 
Merker grass or selections from reciprocal Napier x Merker crosses (22). 
This phase of the problem is discussed in detail elsewhere (23). 

SUMMARY 

A disease of Napier grass {Pennisetum piirpureum Schum.) in Hawaii, 
causing eye-spot of the foliage and cankers on the stems, is described. The 
disease, which first appeared in October 1939, has caused severe losses ; entire 
plantings of Napier have been rendered useless for fodder and many fields 
have been plowed and replanted with other grasses. 

5 Verbal statement to the writer by 0. W. Carpenter, plant patbologist of the Hawaiian 
Sugar Planters’ Association Experiment Station, with whose permission the above is 
released. 
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Tlie causal agent is HelmMiosimimn sacchari (van Breda de liaan) 
Bntlei'. Eye-spot of Napier in Florida lias been attributed by Stokes and 
Eitehey (28) and by Yooidiees (29) to H. ocelhim Paris, also the cause of 
eye-spot of sugar cane, wliicli Mitra (20, 21) and MeKae (19) liave sliovii 
is a synonym of H, sacchari. Evidence presented herein confinus this 
synonymy. 

The physiology of 8 isolates of the fungus from Napier and one isolate 
(3 cultures) of H. sacchari from sugar cane was compared. Tlie Napier 
fungus has an optimum temperature between 21^ and 28^^ 0.; the optimum 
for the fungus from cane has been variously reported as 20^-29® C., 
23.5° C., and 30° C. On certain substrates, at uniform temperature, there 
was little or no ditference in appearance of the fungus isolates from Napier 
and from sugar cane ; on other substrates the cane fungns resemliled certain 
Napier isolates and was distinct from other Napier isolates. Within the 
isolates from Napier, great variation in type of growth occurred on certain 
media. Spores formed on 4 different substrates at 2 different temperatures 
(21° and 28° C.) were measured. The fungns isolated from Napier pro- 
dneed larger spores at 28° than at 21° 0.; when isolated from cane the 
spores were larger at 21° than at 28° C. These differences are not believed 
to be dne to different species of Selmmthos%>ormm, but to different strains 
of a single species, S. sacchari 

The Napier fungus was isolated, inoculated to healthy plants, the disease 
reproduced and the fungus recovered in pure culture. Inoculated to sugar 
cane, Napier isolates have little effect and the same is true of Eelmintho- 
sporium sacchari isolated from cane and inoculated to Napier. 

Merker grass, a variety of Napier, and certain reciprocal Napier x Merker 
crosses are highly resistant. The local disease is controlled by substitution 
of this resistant material for Napier. ^ 

Hawaii Agricultural Experiment Station, 

Honolulu, T. H. 
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REACTION OP PEA VARIETIES TO SBPTORIA PISI 

W . J . Z A U M E Y E R 
(Accepted for publication A|)ril 26, 1941) 

111 1936, while investigating certain virus diseases of peas (Pisuni 
sativum L.) in Colorado, the leaf spot (Septoria .pisi'West) was iioted 
among certain varieties of foreign origin. It was believed that the initial 
infection originated from the seed. Throughout the growing season, the 
disease spread naturally to quite a number of other varieties planted in the 
same plot causing considerable damage to most of them. Since the prelimi- 
nary evidence indicated that tolerance or resistance might not be common, 
a study of varietal reaction to the disease was conducted. 

Although this disease has been known for many years and has been re- 
ported from nearly all sections where peas are grown, it has never caused 
serious damage to large acreages of either canning or market garden varie- 
ties. Prom its general prevalence in the experimental plantings and from 
the damage caused, it seemed likely that the disease could produce consid- 
erable destruction to commercial plantings if conditions prevailed that were 
ideal for the spread and development of the causal organism. 

Reports have indicated that the disease is an important factor in plant- 
ings of Austrian Winter field peas in certain seetions of the country. In 
1936, Weimer^ reported this fungus as being the most generally distributed 
of any of the fungi attacking peas in Georgia. More recently Sprague,^ 
reported that Septoria pisi in western Oregon is often the sole cause of severe 
injury. 

The purpose of this paper^ is to record the varietal reaction of a number 
of pea varieties to this fungus. 

METHODS 

These studies were conducted from 1936 to 1939 under field eonditions 
in Colorado. The data collected during the fii-st 2 years of tlie study were 
in conjunction with experimental plantings principally designed for an in- 
vestigation of certain virus diseases of peas. Not all of the varieties were 
tested every year. In certain years they were replicated; in others they 
were not. With one exception each variety was tested at least 3 times in 
2 years and a few of the varieties in each of 4 years. The number of plants 
of each variety tested in any one year ranged from 20 to 70 with an average 
of approximately 35-40 plants. 

When the plants were about 4-6 in. tall they were sprayed wdth a spore 
suspension of the organism, by using a 2-gallon pressure spray tank. 

1 Weimer, J. L. Diseases of Austrian Winter peas. IT. S. Dept. Agr., Bur. PL Iiid., 
Plant Disease Eptr. 20 : 210 - 212 . 1936 . 

2 Sprague, E. Kotes on Septoria scald on vetch and peas in Oresron. Fhytopath. 
30 : 541 - 542 . 1940 . 

3 The writer expresses Ms appreciation to E. 0. Tatman and V, E. Boswell for advice 
and assistance in the statistical analysis of the data. 
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Infected pea straw wa,s used as the source of inoculum. The straw was 
immersed in water for a short period to liberate the spores. The spore 
suspension was then strained through cheesecloth and used to spra^?- the 
young pea seedlings. The inoculation was performed in the evening in 
order to retard as much as possible the evaporation of the moisture from the 
inoculated plants. A second inoculation was made about 2 weeks following 
the first in order to be assured of a uniform infection. About 3 weeks after 
the first inoculation, wide-spread infection was noted on the lower leaves of 
many varieties. Frequent showers and, in certain years, an occasional light 
hail were in a large measure responsible for the amount and rate of 
infection. 

Infection ratings were made 3 times throughout the season. At the end 
of approximately 10 weeks, plants showing mild infection were given a 
rating of 1 to 2, moderate infection 2 to 3, severe infection 3 to 4, and very 
severe infection 4 to 4+. The latter included plants that had died as a 
result of the disease. 

The data were analyzed according to Fishers’ method for the analysis 
of variance. Owing to inconsistencies in the experimental design, it was 
impossible to set up a single analysis which would cover the results of all 
the tests. Hence the data were analyzed as several smaller tables, each 
covering certain varieties tested in 2 or more years in single or replicate 
tests. 

SYMPTOMS 

The initial symptoms were noted as yellowish-green indefinite areas on 
the leaves, which gradually darkened and enlarged until the entire leaflet 
was involved. Later the petioles and stipules became infected, followed by 
the nodes wdiieh became shrunken and sometimes girdled. In the lesions, 
pycnidia developed within a few weeks following infection. When infec- 


TABLE 1. — Summary of variance analyses of the reaction of 131 yea varieties and 
strains to Septoria ptsi 


Number of varie- 
ties and strains 
compared 

Years compared 

Blocks 

Differences due to^ 

Years 

Varieties 

4 

1936, 1937, 1938, 1939 

1 


— 

10 

1936, 1937, 1939 

1 

- 


5 

1937, 1938, 1939 

1 

~ 

- 

8 

1936, 1938, 1939 

1 

__ 

+ 

5 

1936, 1938, 1939 

2 


++ 

71 

1936, 1937, 1938 

1 


-H- 

6 

1936, 1939 

'2 

_ 

-H- 

9 

1936, 1939 

1 


++ 

13 

1937, 1939 

1 

- 


.. 42 

1938, 1939 

2 

+ 

+4 

81 

1936, 1937 

1 


-H- . 

97 

1937, 1938 

1 


44 

53 

1936, 1938 

2 

-- 

+4 

78 

1936, 1938 

1 

— 

44 


a Minus sign (-) represents non-significant ; (+) significant ; (-H-) MgMy significant. 
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Asgrow No. 40 


Eice No. 13 


Rogers Ace 
Rogers Delicious 
Rogers Famous 
Rogers Grem 
Rogers Kay 
Senator 


Senator 


Short Admiral 


Surprise 


Winner 


Yorkshire Hero 


Alderman 


American Wonder 


TABLE 2 . — Reaction of peas to Sept or ia pisi 


Variety- 


Time of 

maturity^ 


No. years 
tested 


Number 
of tests 


4.0 ± .27 
3.9 ± .32 
3.9 + .36 

4.2 + ,36 

2.7 ± .19 

3.8 ±.27 

2.3 ± .27 

3.3 ± .27 

2.8 + .32 
1.4 -f .19 

2.2 ± .32 

2.7 ±.27 

2.8 ±.27 

2.3 ±.27 

3.0 ± .27 
2.8 ± .57 

2.7 ± .32 

2.8 ±.41 

2.2 ±.32 

2.3 ±.27 

3.0 ± .19 

4.0 ±.27 

3.9 + .32 

2.6 ± .32 
■1.1 ± .18 

2.0 ± .36 

1.8 + .32 

1.7 ±.27 
2.2 ± .36 

1.7 ± .32 

3.4 ±.32 

2.5 ± .27 

2.7 ± .36 

2.9 ± .32 

4.1 ± .33 

3.1 + .19 

1.6 ± .19 

1.9 ± .19 

2.0 ± .27 

3.6 ±.19 

2.4 ±..32 

3.0 ± .27 

2.5 ± .27 

4.0 ± .36 
4.0 ± .32 
3.7 + .32 

4.0 + .32 

2.6 ± .32 

2.1 ± .19 


■3.4 + .19 
3.0 ± .36 
3.0 ± .32 
3.6 ± .32 
3.0 ±.32 
3.9 ±.36 
2.5 ± .19 


Alaska 2B 

Alaska, Asgro-w 

Alaska Large Podded . 

Alaska, Maryland 

Asgrow Ganner King . 
Asgrow Early Harvest 

Asgrow Pride 

Asgrow Triumph 

Bruce 

Canners Delight 

Caiiners Gem 

Canners Gem 

Chief , 

Climax L 


Green Admiral 
Green Admiral 
Green Giant .... 
Horal 


Horsford 
No. 58 ... 


Major 

Market Surprise 

Meteor 

Perfectah 

Perfection 

Perfection 

Perfection 

Perfection, Early 

Perfection, Wisconsin 
Perfection, Wisconsin 

Premium Gem 

Premium Gem 

Prince of Wales 

Profusion 


I. Canning Varieties 


II. Market Garden Varieties 
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TABLE 2. — {Continued') 


Yariety 

Time of 
maturity^ 

No. years 
tested 

Number 
of tests 

Disease index 
mean and 
S.E. 

II. Marl^et Garden. Varieties — {Continued) 

Blue Bantam E 3 6 

3.0 + .26 

Bountiful 

E 

3 

4 

3.8 + .36 

Britisli Lion 

E 

3 

4 

3.9 ±.36 

Carter Eiglit Weeks 

E 

3 

5 

3.8 + .32 

Charles 1st 

M 

2 

3 

2.5 + .36 

Confidence 

M 

2 

4 

3.5 + .19 

Bark G.O.P 

L 

3 

3 

2.2 + .40 

Duplex 

L 

3 

4 

3.3 + .36 

Dwarf Alderman 

L 

2 

3 

2.5 + .27 

Dwarf Champion 

L 

2 

3 

2.3 + .27 

Dwarf Telephone 

L 

3 

5 

2.5 + .32 

Dwarf Telephone 

L 

3 

4 

2.7 + .36 

Early Eight Weeks 

E 

2 

4 

3.9 + .22 

Earl> Gilbo 

L 

3 

4 

3.0 + .36 

Everbearing 

L 

3 

5 

2.4 + .37 

Glacier 

E 

2 

4 

3.8 + .19 

Gradus 

E 

3 

5 

3.6 + .32 

Gradus 

E 

2 

3 

3.0 + .27 

Horsford 

L 

3 

5 

2.2 + .28 

Hundredfold 

M 

3 

5 

3.5 + .32 

Hundredfold Improved 

M 

2 

2 

3.0 + .38 

Hurst Monarch 

M 

2 

4 

3.9 + .19 

Kelvendon Wonder 

E 

3 

5 

3.7 + .24 

Laxton Progress 

E 

3 

5 

3.9 ±.32 

Laxton Progress 

E 

2 

3 

4.1 + .27 

Laxton Progress 

E 

3 

5 

3.8 + .32 

Laxton Superb 

E 

3 

6 

3.6 + .26 

Laxtonian 

E 

2 

4 

3.0 + .19 

Lincoln 

L 

3 

5 

2.2 + .32 

Little Marvel 

E 

3 

5 

3.4 + .32 

Lord Chancellor 

M 

3 

3 

2.2 + .36 

Nott Excelsior 

E 

3 

5 

3.5 + ,32 

Onward 

L 

3 

5 

2.1 + .32 

Onward 

L 

2 

4 

2.9 + .19 

Pedigree Extra Early 

E 

3 

5 

4.1 + .32 

Peter Pan 

M 

2 

4 

2.7 + .19 

Pilot Improved 

E 

3 

4 

4.2 + .36 

Pioneer 

E 

3 

5 

3.3 + .32 

Potlatch 

L 

3 

4 

2.2 + .32 

President Wilson 

M 

4 

7 

3.6 + .31 

Pride of Market 

L 

3 

5 

2.1 + .28 

Prolific Early Market 

E 

2 

3 

4.0 + .27 

Quite Content 

M 

3 

5 

3.2 + .32 

Eogers Giant Podded Hamper 

L 

2 

4 

2.9 + .19 

Rogers No. 93 

L 

3 

4 

2.5 + .32 

Rogers No. 95 

L 

2 

4 

1.9 + .19 

Sharp Miracle 

E 

2 

3 

3.7 + .27 

S.S. Pioneer 

M 

3 

4 

3.1 + .31 

Stratagem 

L 

3 

4 

2.2 + .43 

Stratagem 

L 

3 

5 

2.6 + .32 

Sutton Excelsior 

M 

3 

5 

3.3 + .32 

Sutton Foremost 

E 

2 

4 

4.1 + .31 

Teton 

E 

2 

4 

4.1 + .19 

Thomas Laxton 

E 

3 

5 

4.0 + .32 

Tom Thumb 

L 

2 

4 

2.4 + .19 

World Record 

E 

2 

3 

4.2 + .27 

Zwaan Paramount 

L 

3 

4 

2.9 + .31 
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TABLE 2. — {Concliuled) 


Variety 

Time of 
maturity^ 

No. years 
tested 

Number 
of tests 

Disease index 
mean and 

S.E. 

III. 

Edible Podded Varieties 



Dwarf Gray Sugar 

M 

3 

5 

2,7 + ,32 

Dwarf Gray Sugar 

M 

3 

5 

3.1 + .32 

Dwarf WMte Sugar 

M 

2 

3 

2.5 ± .27 

Mammoth Melting Sugar 

L 

3 

5 

2.7 + .32 

Mammoth Pod Early 

E 

9 

3 

4.2 + .27 

Moerheim Giant 

L 

2 

3 

3.2 ± .31 

Paramount Sugar 

M 

3 

5 

3.0 + .32 


IV. Field Varieties 



Austrian Winter 

L 

3 

15 

2.5 + .32 

Black Eye Marrowfat 

L 

3 

4 

1.6 + .36 

Blue Prussian 

L 

4 

7 

1.8 + .43 

Capucijner 

L 

9 

3 

2.8 + .27 

Harrison Glory 

L 

3 

4 

2.4 + .36 

Harrison Glory 

L 

2 

3 

2.5 + .27 

Harrison Glory 

L 

3 

5 

3.0 + .32 

Imported (from China) 

L 

9 

4 

2.9 + .19 

Imported (fi*om Puerto Rico) 

L 

9 

4 

1.1 + .19 

Kootenay 

L 

3 

4 

3.2 + .31 

Maple 

L 

3 

5 

2.2 + .32 

Swedish Yellow 

L 

3 

4 

3.1 + .36 

White Canada 

Ij 

3 

5 

3.1 ± .32 

WHiite Eve Marrowfat 

L 

3 

5 

2.4 + .37 


aE, represents early,* M, medium; L, late. 


tion took place early, young plants of very susceptible varieties died before 
producing pods. If the infection was not so serious or occurred when the 
plants were more mature, a small seed crop was produced. 

EXPERIMENTAL RESULTS 

The variance analyses showed that, in general, there was no significant 
difference due to years in which the data were collected, except in one 
instance (Table 1). There w^ere, however, significant differences due to 
varieties in all except two tests, which were made up of 4 and 5 varieties, 
respectively. A summary of these analyses is recorded in table 1. 

The canning varieties with their respective mean inaction to the disease 
are listed in table 2, which shoivs that only a few varieties exliibited any 
appreciable degree of resistance. Of the varieties tested, 7 were mildly, 20 
moderately, and 22 severely infected. Most of the varieties showing mild 
infection were of the Perfection type. In addition to these, Ganners 
Delight, Eogers Delicious, and Rogers Famous were also quite tolerant. 

None of the market garden varieties exhibited as high a degree of toler- 
ance as the most tolerant canning varieties (Table 2). Of the 64 market 
garden varieties tested, only one, Rogers No. 95, showed mild iiifeetion, 24 
were moderately infected and 39 exhibited severe and very severe infection. 
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None of the edible podded varieties (Table 2) was highly tolerant, but 
only one, Maminotli Pod Early, was extremely susceptible. 

Of the field varieties tested (Table 2) three were mildly infected, seven 
moderately, and four severely. An import from Puerto Eico exhibited the 
greatest resistance of any of the varieties tested. 

mscussiON 

It is evident that among the 134 varieties and strains of peas tested, only 
2 showed promise from the standpoint of high tolerance to Septoria pisi, 
namely one strain of Perfection and an unnamed import from Puerto Eico. 
The latter is a very late maturing variety of poor type, whereas the former 
belongs to a group of important canning varieties. It is possible that either 
of these strains would be suitable for parental material if hybridization 
studies for disease resistance were conducted. 

There seems to be a relationship between earliness of maturity and ex- 
treme susceptibility and also between moderate tolerance and later maturity. 
Among the 42 early varieties tested in all of the classes, 41 were either 
severely or very severelj" infected and one was moderately infected. Table 3 

TABLE 3. — Differences in average mean reaction to Septoria pisi between early, 
medium and late matiiring pea varieties 


Mean disease index for number of varieties of tbe season 
of maturity shown 


Type of pea 

Early 

Medium 


Late 

Total 


No. 

Index 

No. 

Index 

No. 

Index 

No. 

Index 

Canning 

14 

3.7 

9 

2.4 

26 

2.5 

49 

2.9 

Market Garden 

27 

3.7 

11 

3.1 

i 26 

2.6 

64 

3.1 

Edible Podded 

1 

4.2 

4 

2.8 

i 2 

2.9 

7 

3.3 

Field 





1 14 

1 

2.4 

14 

2.4 

Total 

42 

3.9 

: 24 

2.8 

68 

2.6 

134 

2.9 


shows that the group mean reaction of these varieties was 3.9. Among the 
24 medium maturing varieties, one was mildly infected, 12 moderately, and 
11 severely, and the group mean reaction was 2.8 (Table 3). Of the 68 late 
varieties, 9 were mildl}’- infected, 42 moderately, 16 severely, and 1 very 
severely. The mean reaction of this group was 2.6 (Table 3). From this 
it appears that there is no significant difference between the mean reactions 
of the medium and the late maturing groups of varieties, but that the dif- 
ference between the early maturing and the other two groups api>ears to be 
significant. 

SUMMARY 

One hundred and thirty-four strains and varieties of peas were inocu- 
lated with Septoria pisi under field conditions from 1936 to 1939, in order 
to determine their relative resistance and susceptibility. Only two varieties 
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exhibited a very high degree of tolerance. The canning varieties of the 
Perfection type were in general the most tolerant group. In general the 
earlier varieties were the more susceptible ones and the later varieties the 
more tolerant ones. 

United States Department op Agricultuee, 

Bureau op Plant Industry;, 

Division op Fruit and Vegetable Crops and Diseases, 
Beltsville, Maryland. 


ANGULAR LEAF SPOT OP MUSCADINES, CAUSED BY 
MYCOSPHAERELLA ANGULATA N. SP." 

WiLBEET A. Jenkins 
(Accepted for publication April 11, 1941) 

INTRODUCTION 

Muscadine grapes {Vitis rotunclifolia L.) have not been the subject of 
careful pathological investigations in the past, hence they are generally 
regarded as being relatively disease-free. 

Studies by the writer, extending over the past 3 years, have brought to 
light several destructive foliage diseases and berry rots that either have 
escaped the attention of pathologists or have been assumed to be the same 
diseases, generally well known on bunch grapes. 

Following is a report on the symptomatology and etiology of one of the 
foliage diseases caused by a pathogen known heretofore as Cercospora 
hrachypus Ell. and Ev. (1). Because of the characteristic shape of the 
lesions on most varieties of muscadines, angular leaf spot of muscadines 
seems an appropriately descriptive name for the disease. 

SUSCEPTS AND RANGE 

Field observations and inoculation experiments under controlled condi- 
tions indicate that all the common varieties of muscadine grapes are suscep- 
tible to angular leaf spot, although not necessarily to the same degree. In 
general, the older varieties, such as Scuppernong, Flowers, and Thomas, 
apparently suffer less than the more recent introductions of better quality, 
as Hunt, Yuga, Creek, Stuckey, Howard, etc. Likewise, field observations 
and inoculation trials have given no indication that several common varieties 
of bunch grapes, such as Concord, Delaware, etc., are susceptible to musca- 
dine angular leaf spot. In certain large vineyards in the vicinity of Experi- 
ment, Georgia, as well as in several home plantings of a few vines, in which 
muscadine and bunch grapes have been growing side by side for years, mus- 
cadine angular leaf spot could be found only on the muscadine varieties. 

Since there has been no literature published on this disease, other than a 
brief description of the imperfect stage of the pathogen (1, 5), one can do 
no more than guess as to its range. It might be assumed, however, that the 
disease is coextensive with muscadine culture. It is certainly the dominant 
leaf spot on muscadines in the vicinity of Experiment, Georgia ; and, since 
the type material was collected in Alabama, it might safely be assumed that 
it is present throughout the southeastern States. 

SYMPTOMATOLOGY 

The earliest evidence of infection appears as small chlorotic areas, most 
noticeable on the upper leaf surface. Following this, the individual lesions 

1 Paper No. 83, Journal Series, Georgia Agricultural Experiment Station. 
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develop fairly rapidly and soon a small, dark brown to black, necrotic area 
appears in the center of each of them (Pig*. 1, A, P>, G) . Continued develo])- 
ment results in the formation of angular to irregular lesions, discrete, for the 


Fig. 1. Photographs showing the symptoms of angular leaf spot of muscadines as 
they appear on the upper (left) and lower (right) leaf surfaces of several varieties of 
muscadines. A. on the Hunt; B. on the Yuga; C. on an unnamed male, older lesions. 
A single lesion of muscadine black rot is present on the Hunt (lower left and ricrht side 
respectively).^ Note the presence of halos on the young lesions. Since the photographs 
were taken with transmitted light, the halos tend to be evident on the lower surfaces as 
well as on the upper, x i. 
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most part, and tending to be confined to the areolae of the leaf. At first, 
distinct lialos are present, but these tend to disappear with age. On certain 
varieties — Hunt and Seuppernong — the lesions tend to become more circular 
(Fig. 1, A), but, when viewed by transmitted light, the angular outline of 
the primary lesion is readily apparent. Some coalescence of older lesions 
occurs on most varieties, but it is usually incomplete, so that most of the 
original lesion is distinct. At maturity the lesions vary in diameter from 
a few millimeters to several centimeters. 

On the lower surface the halos are indistinct to absent from all lesions. 
The angular necrotic areas are dark brown to black and appear papillate 
under magnification, due to the presence of numerous small conidiophore 
tufts. These tufts are numerous on the upper leaf surface only after the 
lesions are old, but may appear sparsely at other times. In seasons of high 
humidity, the eonidiophores are produced amphigenously on the older 
lesions, and are light olive-gray to dark olive-gray. The secondary infection 
cycles continue to operate throughout the season, but the disease becomes 
epiphytotic rather late, so that the principal effect is that of premature 
defoliation. 

During relatively normal seasons, eonidia are not abundant on field 
material, but, when leaves containing mature lesions are enclosed over night 
in moist chambers, abundant eonidia are produced on both surfaces of the 
lesions. Under these conditions of high humidity, the conidiphores tend to 
become flaccid and these, in conjunction with other hyphae growing out from 
the lesions, present a byssoid appearance, particularly on the lower leaf 
surface. 

ETIOLOGY 

A fungus causing a spotting of the leaves of muscadines was collected 
near Tuskegee, Alabama, by G. W. Carver and sent to Ellis, who, in 1902, 
described the fungus as Gercospora hrachypus Ell. and Bv. Since, to the 
writer’s knowledge, this is the only species of Gercospora that has been 
described on muscadines, he "was reasonably certain that his collections 
represented Ellis’ fungus. However, since the original description is so 
brief and no information has been published subsequently, field collections 
were sent to several taxonomists for comparison with the type material.^ 
The general consensus is that the present material is identical with Gerco- 
spora hrachypus Ell. and Ev., although Ellis’ material shows larger and 
more circular lesions than did the material submitted by the writer. Since 
all other details, however, are in agreement, and particularly since the writer 
has since found considerable variation in the size and conformation of lesions 
on various varieties of muscadines, it is felt that the above mentioned dis- 
crepancy is not taxonomieally significant. 

A study of the life cycle of the pathogen has shown that in addition to the 
imperfect stage, the fungus develops spermogonia and perithecia in over- 

2 Acknowledgment is made to Charles Chupp, J. A. Stevenson, and F. J. Seaver for 
their expressions of opinion as to the identity of the pathogen. 
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wintering leaves, and, as the perfect stage is an inidescribed JlifcospliacreUa, 
it will hereafter be referred to as Mycosphaerella angulata n. sp. 


DEVELOPMENTAL MOEPHOLOQY 

Evidence secured from numerous controlled inoculations using both 
conidia and aseospores indicates that infection may occur through either 
leaf surface, and that penetration is both direct and thi’ough the stomata. 
The infection hypha is first intercellular, but, as tlie host cells die rapidly 
in advance of the advancing mycelium, an intracellular relationship is estab- 
lished early. No evidence of haustoria has been found. The eonidiophore 
tufts first develop on the lower leaf surface, as stated above, but often 
become amphigenous with age and high humidity. They originate from 
subcuticular or subepidermal hyphae and usually begin to produce conidia 
shortly after they emerge from the leaf surface, long before they assume the 
characteristic complexity of structure commonly assigned to them. As they 
grow older, the basal mass is built up into a definite stroma with short 
emergent fertile hyphae (Pig. 2, A, B). 

With age and subsequent cyclic development, spermogonia and perithecia 
often develop in these old eonidiophore bases. Undoubtedly the unsuspected 
presence of early stages of these reproductive bodies influenced Ellis to 
describe the eonidiophore bases as “sphaeriforni.” The basal portions of 
the conidiophores quickly become pigmented, while the aerial portions range 
in color from almost hyaline to dark olive-gray. Under fairly dry condi- 
tions, the fascicles resemble short tufts, the conidia are not abundant, while, 
under conditions of fairly high humidity, the conidiophores become byssoid 
in appearance. In the latter ease, conidia are ab jointed from hyphae that 
resemble vegetative mycelium, except for the presence of geniculations 
(Pig. 2, D). 

The conidia are hyaline, or nearly so, slender, curved'' more or less acute 
at each end, 1-5 septate, with usually two oil droplets in each cell and 
measure 16.8-112 x 2.24r-3.5 p. The length and number of septations are 
influenced by relative humidity. Under average field conditions the conidia 
measure rather uniformly 47.6-72 x 2.8-3.5 p. It would thus appear tliat 
measurements based on width are more reliable taxonomically than are those 
based on length. 

Conidia germinate uniformly within 3 to 8 hours on a 2 per cent tap 
agar, when conditions of temperature and oxygen balance are favorable. 
The germ tubes emerge from the terminal cell at either end or both ends 
of the spore, and often from other cells, as well. 

As stated above the spermogonia often develop within the stromata com- 
prising the eonidiophore bases. They may also develop concurrently from 
more recent infections that apparently never have produced conidia. Sper- 
mogonia, like perithecia, have not heretofore been reported for the parasite 
under consideration, but since the writer and others (3, 4, 2) have repeatedly 
reported on the development of these structures in the course of studies on 
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otlier fungi, no great effort lias been made toward a critical study of the 
sperinogoiiia of Mycos2:)Jicierella angidata. They are initiated in late Sep- 
tember and eaily October ; and, while a majority of them mature in October 
and early November, vaiious developmental stages may be found as late as 
early spring on the overwintering leaves. They originate in either leaf sur- 



Eia 2. Spore forms of Mycosp'haerella angulata, A. Young conidial stroma before 
a spbaeriform base is evident. B, An older conidiopliore^ fascicle, showing a well-de- 
veloped basal stroma in whieli a spermogonium is developing. C-E. Oonidia: C, from 
ascospore culture on 2 per cent potato-dextrose agar; D, from field material left in a 
moist chamber overnight (note the byssoid conidiophores) ; E, from field material. ^ E-H. 
Ascospores: E, appearance when first discharged on agar; G-, a mature ascus showing its 
bitunicate nature; H, germinating ascospores. (All sketches made with the aid of a 
camera lucida. x750.) 

face, but are perhaps more often epiphyllous. The details of development 
are almost identical with those described in other studies (3, 4), and, at 
maturity, the spermatia occur in groups of 3 or 4 and are liberated through 
sterigma-like processes from the spermatif erous cells. Mature spermatia 
are rod-shape, uninucleate, and measure 2---4 x 0.5~0.7 p. 
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Peritlieeial development is initiated concurrently with the spermogonia 
and in similar positions in the leaf tissue. Those originating outside eoiiidio- 
phore bases frequently begin their developiiient from subciititnilar hyphae. 
Soon one to several deep-staining arehiearps, each with an elongate tricho- 
gyne and an uninucleate basal cell, become evident. At this stages of devel- 
opment peritlieeial fundaments are readily distinguishable from .vouiig 
spermogonia. 

Due to certain peculiarities in time and mode of development, which have 
increased certain technical difficulties, a full report on the cytological devel- 
opment of the perithecia will be deferred until a later date. However, it 
can be stated at this time that the evidence is strong that the sj)ermatia 
function as male sexual elements and that spermatization is essential to the 
initiation and maturation of ascospores. 

When the perithecia are mature, the asci discharge their spores readily 
on slight drying. The asci do not mature at one and the same time within 
a given perithecinm, so that the source of primary inoculum is present for 
some time in the field during the spring. Climatic conditions, particularly 
showers and subsequent drying, greatly infliienee the span of the primary 
cycle. 

DEVELOPMENT IN CULTURE 

Single and multiple conidial isolates were obtained by streaking spore 
suspensions on the surface of hard tap agar, while ascospore isolates were 
obtained by allowing the spores to discharge upward and stick to the surface 
of inverted agar plates. By the latter method, single or multiple spore isola- 
tions could be had at will, fi’ee from contamination, by regulating the dis- 
tance between the perithecia and the surface of the agar plates. Mature 
spores were measured both in crushed mounts and immediately after their 
discharge into the agar plates. When the conditions of elevation and 
humidity are favorable, one can cause a majority of the mature asci within 
a perithecinm to discharge their spores into the agar within 10 to 15 miiiute>s 
after setting the spore traps. Under these conditions the ascospoia's are 
hyaline, bieellular, straight to slightly curved, giittulate, and measure 
14r-19 X 2.8-5.6 |j (Fig. 2, F, G) . 

For purposes of comparison, only modified potato-dextrose and malt 
agars were used. Initial growth and pigmentation were the same on both 
agars, hut isolates from both ascospores and eonidia continued to sporiilate 
longer on the malt agar. 

Both types of spores germinated readily in from 3 to 8 hours and pro- 
duced visible growth in about 3 days. In all measurable respects, cultures 
from eonidia and ascospores are identical. When first visible, the iiiyceliuiii 
is pale gray to almost white, but after the colonies are several millimeters in 
diameter, the color ranges from light olive-gray to dark olive-gray ; essen- 
tially all the color being in the vicinity of the substrate. Isolates from both 
sources sporulate abundantly within three to five days, but siib-cultures 
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from both types of cultures tend to remain sterile. In this work no great 
care was taken to sub-culture spores, only, and it may be that such cultures 
ATOuld continue to sporulate whereas sub-cultured mycelium does not. Conidia 
produced on ascospore isolates are identical with those produced on conidial 
isolates, and both in turn are identical with conidia produced on field mate- 
rial under similar conditions of temperature and moisture (Fig. 2, C, D, E). 
Unlike isolates of other Myeosphaerellas reported earlier (2), cultures of 
M. angulata do not undergo much color change even after months on agar, 
and never become generally stromatic throughout. Very few spermogonia 
have been found in culture on the media used, and no evidence of peritheeia 
has been seen. 

Both conidia and aseospores were used in the inoculation trials. Conidial 
inoculum was obtained direct from field material, from conidial isolates, and 
from ascospore isolates ; whereas aseospores were obtained from field mate- 
rial, as described above. In all eases resultant infections were identical. 
The first recognizable infections appeared in the greenhouse 10 days to 2 
weeks following inoculation, while the checks remained free from infection 
in all cases. The above evidence, taken as a body, is convincing proof that 
the 3 spore forms that have been considered are, genetically, but phases in 
the reproductive cycle of one and the same organism. 

TAXONOMY 

The form and development of the peritheeia, the asei produced in fas- 
cicles, the absence of paraphyses, and the bicellular, hyaline spores are 
clearly characteristic of the genus Mycosphaerella Johans. Since no other 
Mycospliaerella has heretofore been reported on the foliage of Vitis rotundi- 
folia L., and since there is no evidence to indicate that any of the varieties 
of bunch grape are susceptible to the pathogen under consideration, there 
can be little doubt that this is an undescribed species. It is, therefore, desig- 
nated Mycosphaerella angulata n. sp.^ with the following diagnosis : 

Mycosphaerella angulata n. sp. 

Syn: Cercospora 'bracliypus Ell. and Bv. (Jour. Mycol. 8: 71, 1902). 

Peritlioeia seatteredj mostly in lesionsj amphigenoiis, partly embedded in host tissue; 
eriimpent, ovate to nearly globose, beaked prior to maturity, 40-90 x 40-60 p,, black, 
ostiolum papillate when mature; asci cylindrical club-shape, short stipitate, fasciculate, 
36.4-42 X 8.4-14 ji, aparaphysate, bitimicate, eight-sx3ore ; spores uniseriate to imperfectly 
biseriate in the ascus, bicellular, straight to slightly curved, hyaline, guttulate, 14-19.6 
X 2.8-5. 6 p (average 16.8 X 4 p) . 

Hab. In overwintered lesions produced by the conidial stage on leaves of 
Yitis rotunclifolia L., Experiment, Ga., maturing during spring. 

Spermogonia: Scattered in and along margins of lesions produced by the conidial 
stage, ovate to globose, black, amphigenous but perhaps more often epiphyllous, embedded 

^ 3 Having reference to the shape of the lesions it produces on the foliage of most 
ot Vitis Totimdifolia Ij. 
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in leaf tissue but later erumpent, ostiolate, 30-60 x 30-50 p,; spermatia small, rod-shape, 
hyaline, 2-4 x 0.5-0.7 p, arising endogenously, usually in fours within spormatiferous cells 
and liberated through sterigma-like processes. 

Hab. On recently fallen leaves, maturing throiigiioiit period froiii Oc- 
tober tbroiigli February. 

Oonidial stage: Lesions mostly angular, often eonfliicnt, varying in size, 1 min. to 
several cm., dark>brown to almost black, surrounded on upper surface by a distiiud lialo 
when young, confined to leaves; conidiopliores mostly liypophyllous, Tiecoming ampliigenoiis 
with age, base becoming stromatic, fasciculate to lax, geniculate, pigment e<l at base, con- 
tinuous to one to several septae, mostly short; eonidia colorless or nearly so, xvvy sleiidcu', 
cylindrical, acute at each end, curved, 16.8-112 x 2.24-3.5 (mostly 47.6""72 x 2.8“".‘i.5 p), 
1-5 septate, guttulate, length and septation influenced by humidity. 

Hab. Parasitic on leaves of Vitis rotundifoMa L., causing angular leaf 
spots and contributing to premature defoliation. 

Peritheciis sparsis, plerumque in maeulis, amphigenis, semi-imniersis, pinietiformibus, 
ovatis vel globatis, 40-90 x 40-60 g, rostratis cum immatiiris, nigris, ostiolis papillato 
praeditis ; aseis cylindraceis clavatis, brevisme stipitatis, f aseiciilatis, aparapliysatis, 
bitunieatis, octosporis, 36.4-42 x 8.4-14 p ; sporiidis nniseriatis vel biseriatis, bieellularibns, 
vix curvatis, hyalinis, guttulatis, 14-19 x 2-8-5.6 p, plerumque 16.8 X 4 p. 

Hab. in foliis dejectis Vitis rotundifoUae, Experiment, Ga. 

Spermogoniis autumno efformatis, sparsis, plerumque in inaeailis et marginatis, ovatis 
vel globatis, nigris, amphigenis plerumque epiphyllis, innato- erumpentibus, punctiformibus, 
30-60 X 30-50 p; spermatiis baeillaribiis, hyalinis, 2-4 x 0.5-0.7 p. 

Hab, in foliis dejectis Vitis rotundifoUae. 

Statu eonidieo in maeulis angularibns v. irregularibus, confluentibus, rubrofer- 
rugineis v. nigris, pallide marginatis, foliis, efforniato ; hyphis fertilibus pleruinque 
hypophyllis, rare amphigenis, a stromate orientibiis, fascienlatis v. byasoideis, genieulatis, 
hyalinis v. dilute olivaceis-griseis, continiiis v. pleuriseptatis, brevisme ; eonidiis Ijyalinis, 
rare sub-hyalinis, angustio -cylindraceis, utrinque acutis, eurvulis, 16.8-112 X 2.24-3.5 p 
(plerumque 47.6-72 x 2.8-3.5 p) 1-5 septatis, guttulatis. 

Hab. in foliis vivis Vitis rotundifoUae. 

For the convenience of plant pathologists and inyeologists, material has 
been deposited in the following herbaria: Myeologieal Oolleetions of the 
Bureau of Plant Industry, U. S. Department of Agriculture, Washington, D. 
C., Parlow Herbarium; Plant Pathology Department, Cornell University, 
Ithaca, N. Y., and Herbarium of the Georgia Experiment Station, ExT)eri- 
ment, 6a. 

CONTROL 

Eesults obtained from a single season’s w^oi’k indicate that angular leaf 
spot of muscadines may be effectively controlled. In this work a 4-5-50 
Bordeaux spray was applied at intervals of about 2 weeks, and so timed that 
the first application preceded the first heavy aseospore discharge in the 
spring. The exact date for this application was obtained by a elose check on 
the state of development of the perithecial material in the field, and when 
possible to do so, each subsequent spray was applied just preceding a rain. 
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Spraying may be diseontiiraecl after cessation of the 4-6 weeks’ ascospore 
discharge. 

The writer has no information on the degree of control possible through 
strict adherence to sanitary vineyard practices, but, knowing the nature of 
the pathogen’s life cycle, one would be justified in recommending the de- 
struction, either by fire or deep plowing, every fall, all leaves throughout the 
vineyard. If the leaves are turned under, one should be careful to avoid 
uncovering them while planting a cover crop. In the experience noted above, 
only 4 sprays were used, but the schedule was designed for muscadine black 
rot, the pathogen of which apparently has a less extended period of ascospore 
discharge in the spring than does Mycosphaerella angulaia. 

DICUSSION 

The fact that muscadines as a commercial crop have not heretofore been 
of much economic importance is probably the principal reason they have 
received so little attention from plant pathologists. From a cursory ex- 
amination of numerous plantings in Georgia, it is evident that vineyard losses 
are considerable in certain seasons as regards both foliage diseases and berry 
rots. However, since the crop has not been properly evaluated in past 
years, no monetary comparison can be made between the disease-induced 
losses of bunch grapes and muscadines. 

Although the results of the present investigation do not justify a com- 
prehensive discussion of muscadine diseases, it is not premature to add that 
muscadines are subject to attack by several diseases other than angular leaf 
spot. The fact that bunch grape and muscadine culture are coextensive in 
the Southeast probably in a great measure accounts for the assumption that 
both are subject to the same diseases. Results of investigations, not yet 
complete, on other diseases of muscadines indicate an interesting parallel 
between those of muscadines and bunch grapes. For the most part, however, 
the pathogens appear to be specifically distinct. 

Muscadines are strictly dioecious, and this fact, combined with the obser- 
vation that individual male vines show variable evidence of infection by the 
several prevalent diseases, is suggestive that care in the selection of breeding 
stock may yield resistant varieties of superior quality. In this connection 
the writer has had occasion to check back on the original male parent used 


SUMMARY 

The symptomatology and etiology of a foliage disease, herein designated 
angular leaf spot of muscadines, has been studied over a period of two sea- 
sons. The lesions first appear as small chlorotic areas on the upper leaf 
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surface. Rapid development results in the production of angular lesions, 
visible on both leaf surfaces, surrounded by halos on tlie upper surface. 
The halos tend to disappear with age. The disease is probably cot^xtensivo 
with muscadine culture in the Southeast. 

The pathogen, heretofore known as Cereospora hracJnjpus Ell. aiul Ev., 
was observed producing spermogonia and peritlieeia in additioji to eonidia. 
Apparently, the perfect stage has not been previously descrif)ed and is herein 
designated Mycosphaerella angulata n. sp. 

Results from a single season ^s work indicate that angular leaf spot ma,>’ 
be controlled by properly timed applications of a 4--5-50 Bordeaux spray. Tt 
also is suggested that strict vineyard sanitation may prove an important 
supplement to spraying. 

On the basis of observation alone, it is suggested that a Judieious selet'- 
tioii of resistant breeding stock may be expected to prodiu^e more resistant 
progenies of superior-quality muscadines. 

Georgia Experiment Station 
Experiment, Georgia. 
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WIND DISSEMINATION OF ANGULAE LEAP SPOT OP COTTON 

J . G . B K 0 W N 

(Accepted for x^ublication April 10, 1941) 

Wind-blown dust as a disseminating agent of the angular-leaf-spot bac- 
terium {Phytomonas malvacera (B. P. Sm.) Com. S.A.B.) probably has 
received less attention than wind-blown rain^ because dust seldom plays an 
important role in the dispersal of the pathogen. Dust dispersal of the 
organism, however, has previously been reported from Oklahoma.^ In 
Arizona, wdiere these studies were made, the situation was perhaps more 
definite, since attendant circumstances made the prevailing conditions fairly 
comparable to a planned scientific experiment. 

An experiment planned to demonstrate the natural spread of the angu- 
lar-leaf-spot germ by wind-blown dust would necessitate, besides the moving 
dust, (a) a large plot or field of infected cotton as a source of inoculum, and 
(b) a noninfested field to which the bacterium could be carried. Such an 
experiment might involve also the wounding of the healthy plants at the 
proper time to make sure of infection, in case the bacterium reached the host. 
Since flowing irrigation -water, in contact with infected plants, carries the 
germ of angular leaf spot and black arm, and may subsequently spread the 
disease to health^?- plants that it laves, fields of infected and healthy plants 
should be individually irrigated with water from separate clean sources. In 
location, fields of healthy plants on the one hand and diseased ones on the 
other should bear the proper relation with respect to the prevailing wdnd, so 
that the dust will be carried from the former to the latter and not contrari- 
wdse. In order properly to evaluate the results, an isolated control field 
planted wdth seed of the same variety of cotton would undoubtedly be pre- 
pared. The specified conditions are not usually encountered in commercial 
cotton gro-wing j indeed, if the conditions were planned by a careful investi- 
gator, the experiment would probably fail because nature cannot be de- 
pended upon to provide the dust storm, even in Arizona. Yet, exactly the 
described conditions occurred in southern Arizona in 1940, including a local 
hailstorm that conveniently wounded the healthy cotton plants that were to 
receive the inoculum. The area subjected to dust and hail is here designated 
as Distinct 1; that containing the control plantings, as District 2 (Pig. 1). 

GENERAL CONDITIONS 

Climatic conditions in both districts were essentially similar, since the 
two districts are less than 15 miles apart in a direct line. The prevailing 
winds of summer are from the east and southeast. Precipitation is low and 
irrigation is largely depended upon for water supply. Showers are some- 

1 Paiilwetter, R. C. Dissemination of the angular leaf spot of cotton, Jonr. Agr. 
Ees. [IT. S.] 8: 457-475. 1917. 

2Bolfs, P. M. Dissemination of the bacterial leaf spot organism. Phytopath. 25: 
971. 1935. 
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times local, reaching only a few hundred acres ; this is particularly true o 
hail storms. The soil has a fine texture and, when thoroughly dry, forms i 
powdery dust. 
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Tlie districts were without serious pathological complications, althougli 
alternariosis had caused approximately as much damage as angular leaf spot 
and black arm, in District 1, and considerable damage in District 2. Other 
diseases of cotton, including verticillium wilt, root knot, and Texas root rot 
were absent, excepting a Tery small area of root rot in one field (Field D) . 

FIELDS STUDIED 

The fields that supplied the inoculum consisted of approximately 320 
acres and 80 acres, respectively. They were planted with nontreated seed 
of the SXP variety and irrigated only with water from wells in the same 
field. The larger field (Pig. 1, A, Si of Section 35) was separated from 
adjacent cotton fields on 3 sides by dry, usually dusty, roadways, 60 to 100 
feet wide, and on the fouidh side it was bordered by desert. The smaller 
field (Pig. 1, B', Wi of the SWI of Section 34) likewise had broad, dry road- 
ways on 3 sides, but was not separated from cotton on the east. Of the fields 
of cotton that received the inoculum (Pig. 1, D, approximately the Ni of 
Section 35 ; Pig. 1, G, the N-| of Section 34; Pig. 1, B, the eastern part of the 
Si of Section 34 ; and Pig. 1, E, part of the Ni of Section 2) , all were isolated 
one from another by broad, dry roadways, excepting Field B adjoining on 
the west, without barrier, Field B'. For convenience the fields referred to 
in this paragraph are collectively designated as District 1 (Pig. 1). 

Cotton fields regarded as controls for the purpose of comparison were 
located in District 2 (Pig. 1), approximately 11 miles north and 4 west of 
the district mentioned in the preceding paragraph. They were the SEJ of 
Section 1 (Pig. 1, P) and the NEJ of Section 11 (Pig. 1, Gr) west of Eloy. 
Field P was separated by a roadway of standard width from desert on the 
east and from fields of short-staple (Acala) cotton on the southeast and 
south ; on the west a field of Acala cotton adjoined the field of SXP variety 
without a barrier. To the north lay the desert. Field G adjoined a road- 
way on the east and was completely isolated from other cotton fields, except- 
ing the southwest corner, which lay opposite a small field of Acala cotton. 
These fields were planted with sulphuric acid-delinted, Ceresan-dusted cotton 
seed from the same lot used in the south district. 

All fields directly concerned in these studies were planted with the SXP 
variety of long-staple cotton. Delinted seed was treated by machine with 
concentrated sulphuric acid, washed, dried, and dusted with 2 per cent 
Ceresan. In the process, all light-weight seeds were separated from the 
heavy seeds. Fuzzy seed'’ (a term here applied to the seed as it comes 
from the gin) was not treated. The planting rate for the delinted seed was 
9 lb. per acre and for the fuzzy seed 25 lb. per acre. All fields were watered 
from individual wells. The fields in the southern district (Pig. 1, Sections 
34 and 35 ) had never before borne a crop, having been broken from the 
desert last year. The larger, A, of the two fields from untreated seed was 
the sole source of inoculum east of the fields that became infested later. 
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Only two species of plants otlier than enltivatecl cottoiP* ^ are known to be 
susceptible to the angular-leaf-spot baeteriuni, and neitlier species is found 
in tins district. 

Black-arm Inf ested Fields . — The study of tlie fi(‘ids was hy the 

appearanceof the black-arm phase of angular leaf s]>ot iu cotton grown from 
aeid-deliiited and Ceresan-dusted seed, a condition so unusual as U) «‘xcite 
comment. The aiigular-leaf-spot ])hase was pratdicaiily absiud, (bttcm 
fields from delinted seed, in the nortlnvestern part of tiit‘ distinct (District 
1, Fig. 1), were free from angular leaf spi)t when they were exaniinial by the 
writer in the spring, but an occasional infe<ded plant was found in fields 
planted wdth fuzzy seed. The first report of the in-estnuH* of the liisease in 
fields from treated seed eame to the writer early in Septcnnher, altlmugli 
farmers stated that black arm ap])eared in August. Examination of the 
fields verified the presence of the disease in destructive fmui. The follow- 
ing picture of the situation will be clearly understood by referring to the 
map (Pig. 1). 

Plants in fields B and B' were most atfected by black arm. The stand 
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was almost perfect, yet there were not enough bolls to justify harvesting. 
Individual plants in Field B showed blaek-aini lesions mostly extending 
from the middle, or a little below, to the top; nearly all tlie lesions were 
aromid wounds (Pig. 2, A, B). 

The uniform distribution of black arm thronghont Field B, as well as the 
location of the lesions on the infected stems, could not be reconciled with 
the suggestion of dissemination by irrigation water. In that case, infected 
plants are more numerons near the irrigation ilitcdi and the stages of black 
arm are more advanced as eompared with plants fartlier removed from the 
source of mfectioii. Furthermore, resulting lesions are hicated at the base 
of the stem, since infection from irrigation water is limited to the seedling 
stage. 

Field B', planted with fuzzy seed and adjoining Field }^> without a bar- 
rier, had even fewer bolls than Field B, Individual plants mostly slnoved 
lesions from the middle part to the top, but an oi'casional plant (Fig, 2, F, 
B) had black-arm lesions at the base. 

Field A, planted with fuzzy seed, had a stand like that in Fields IV and 
B, but matured very little cotton. Black-arm sizars were found on the bases 
of some plants as well as around wounds on the stems. The woiuuleil plants 
were more numerous in the western part of the field. 

Field D, planted with acid-del iiited and Feresan-dnsted sihhI yielded 
more cotton than the fields previously described. Black-arm lesioiis were 
located mainly from the middle, or somewhat below, to the top of the plants. 
Like the other affected fields, Field D showed loss of bolls caused by the 
angnlar-leaf-spot bacterium (Fig. 3, D) and by Alternaria. Woiinded 
plants w^ere most numerous in the southern and western parts of the field. 

Phytojrrisf 45®-i4l7^ ^ 

867-8^^^19^2 Bacterium malvaecannn. PhytopatU. 22: 
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Big. 2. A. Field (Fig. 1, District 2 , F) of SxP cotton taken after first picking. 
The field was planted with sulphuric acid-delinted and Ceresan-dusted seed, from the 
same lot used in Fields B, 0, and D in District 2. There was no black arm in this field. 
B. Field of SxP cotton (Pig. 1, District 1, D) grown from sulphuric acid-delinted and 
Ceresan-dusted seed. Black arm appeared late in this field and was worse on the south 
side adjacent to a field (Fig. 1, A) grown from untreated seed. C. Lower parts of 
stems of cotton plants, left, from clean Field Fj. right, from hlack-arm-infested Field B'. 
The dark spot near the base of the plant on left is a small leaf and its shadow, a. Inac- 
tive black-arm lesions from seedling stage, b. Black-arm lesions higher on stem; arrow 
points to former attachment of black-arm-affected branch. D. Upper parts of cotton 
stems illustrated in C. Stem on left, grown from treated seed, is clean. 1. Extensive 
black-arm lesion on stem of plant from untreated seed ; the dead bark is separated from 
the sound bark below and along the side by a deep crack. The top of the plant was killed 
by black arm. E. Cotton plant grown from untreated seed (Field B'). The plant was 
stunted and apparently had been affected with black arm since the seedling stage, a. In- 
active basal stem lesion from which the angular leaf spot bacterium was isolated, b, e. 
Infection spots linking basal lesion with black-arm-blighted top, d. 
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Fig. 3. Piece of cottoE stem from Field B (I 

wound more or 3 ^ ^ 

part of the main stem of a " ’ ' " 

mainly on opposite side of stem. L™ 
affected plants in the fields from treated seed, L-. v 
ing black-arm lesions, b, and thin, pale, dried flecks o 
cottonseeds from the lot left after planting the fields 
and Ceresan-dusted seeds, t. ‘ ' * 

upally were clean; cultures of the 
nies of bacteria, including Phytomonas malvacera. 


less surrounded by a black-arm lesion. B. East side: C, west side of 
- eottoff plant from Field B (Fig. 1) ; 1^ margin of lesion 
'm. This plant was typical for the hail-injiired, blaek-arni- 
F. Cotton bolls and pedicels with glisten- 
of bacterial ooze, c, E. Cultures of 

TT r X studied: a. Sulphurie aeicl-deliiited 

b. Untreated, fuzzy seeds. Cultures of the treated seed 
i untreated seeds gave mold and other fungi, also eolo- 
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Field C, planted with sulphuric-aeid-delinted, Ceresan-dusted seed, 
showed plants with less black arm than those in Fields B and A and also 
produced more cotton. Black-arm lesions were mainly from the middle 
region of the plants to the top ; they were associated with wounds. 

In Field B, planted with aeid-delinted, Ceresan-dusted seed, the plants 
were affected by black arm only on the north and west sides of the field, in a 
triangular area, with the apex in the northeast corner and the base along the 
west side. In this area plants had black-arm lesions that extended from the 
middle region of the stem toward the top and were associated with wounds. 

The presence of wounds on the cotton plants is explained by the occur- 
rence of a local hailstorm on August 13. Serious wounding of cotton p lan ts 
resulted in Fields A and E and westward at least to Section 32, and north- 
ward over District 1. On August 20, a windstorm, violent enough to tear 
leaves from plants and hurl them over a 100-foot wide roadway, swept the 
same area. Both storms very evidently came from the east, the generally 
prevalent direction of summer storms in southern Arizona. Local residents 
state that unlatched east doors of their homes were blovra inward; hail 
wounds resulting from the first storm were mostly on the east sides of the 
main cotton stems. (Fig. 3, B, C) . 

The “Control” Fields . — For comparison with the cotton crop in District 
1, two fields may be used that were planted with sulphuric acid-delinted, 
Ceresan-dusted seed from the same lot used in Fields B, C, and D. That 
these fields (Fig. 1, F, G) were partly isolated from others of long-staple 
cotton, may be seen at a glance, although both were adjacent to plantings of 
the Acala variety which is less susceptible to black arm. No black arm was 
found in Fields F and G. Four bolls affected with rot induced by the bac- 
terium of angular leaf spot were collected in Field F, of which 3 showed 
insect punctures in the decayed spots ; 5 similarly infected bolls were found 
in Field G. The bolls were mostly “top crop” and the infection therefore 
late. Many bolls had been killed by an Alternaria. 

THE SEED 

The culturing of cottonseed from the lots used in planting the fields was 
carried out. Plenty of the acid-delinted seed was available, but the only 
fuzzy seed left after planting was a small quantity removed from the planter 
and dumped on the ground. Representative samples of the cultures of the 
delinted seeds (Fig. 3, E, a) and of the fuzzy seeds (Fig. 3, E, b) are illus- 
trated. The acid-delinted and Ceresan-dusted seeds usually gave no organ- 
isms whatever', although some seeds that were cultured were obtained from 
the dust on the ground where they had spilled from torn sacks ; in no case 
did cultures of the delinted, dusted seeds give a yellow bacterium. The 
fuzzy seeds, as usual, gave a number of fungi and a pale yellow bacterium 
that became a deeper yellow as it grew older. This was the bacterium of 
angular leaf spot and black arm, Phytomonas malvacera, as subsequently 
proved by further planting, inoculations, and reisolation. 
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DISCUSSION 

From the evideiice presented by plants in the fields descrils'd above it 
is clear that primary (seed-derived) infection with the au,t;'iilar-leal‘-s])ot and 
black-arm germ existed in Fields A and IF; likewise clear tliat sm-ii inrertion 
did not occur in Fields B, C, D, and E. Supporting evidence a iv tlie lieaUul 
black-arm lesions present on the bases of plants in Fields A and 15'; also 
lesions in the fields planted with aeid-de]inte<l seed and located in and above 
the middle region of the plants, a condition possible only in lati' iiifw-tion. 

It is quite probable that infected leaves fell to the ground and became 
broken and mixed with the dust in the fields first infeste<i. The hailstorm 
of August 13, which severely wounded the growing jilants in all fndds men- 
tioned, was followed by the inoculum-laden dust storm of August 20. The 
most abundant inoculum thus transported reached Field 11, dii-ectly west of 
Field A (fuzzy, untreated seed) ; also, some inoculum was carried into the 
north side of Field E in an area widening westward ; some into Field D, the 
heavier dose reaching the south side, and some into Field C, likewise most 
severely infested on the south side. Field B' jn-obably contributed little if 
any inoculum to Field B, but cotton growing farther west, in the direction 
of the moving dust, may have received inoculum from Field B', sin(‘e black 
arm was present in Section 33 (Fig. 1). 

The effectiveness of hail in increasing infection with the angular-leaf- 
spot bacterium is very well illustrated in these studies (Fig. 2, A. B) . Prop- 
erly timed with moving, inoculum-charged dust, a liaiLstorm apparently is 
important in the spread of angular leaf spot and black arm. In the fidds 
here discussed, the infection with black arm was very uniform in develop- 
ment over an area 2 miles long, east to west (Fig. 1, south ]>arts of Sections 
3d and 34), whereas Faulwetter” observed the spread of inoculum bv wind- 
blown ram over a much smaller area. Even allowing for the compandiA-elv 
limited source of inoculum m Faul wetter ’s studies, wind-blown dust must 
be regarded as a more effective carrier. Comparison of the studies in Ari- 
zona with Eolf’s® observations serves to emphasize the destructiveness of 
hail in combination with moving dust. Eolf ohserved that 'hi simde whirl- 
wind scattered the infected dry leaf material over 100 acres in 20 minutes ” 

In the Arizona storm preceded by hail, the infected material .started disease 
over more than 1,000 acres. 

incv rt! nlT* angular-leaf-spot pha.se of disea.se foiiow- 

nlnnt! ^ n’ Significant. Although the leaves of col ton 

face of the leaves exposed to the air dried before the bacterium of amnilar 
lerf spot could start disease, whereas, the juicier wounded stems afforded 

thfowiT Ta multiplication of 

® See footnote 2. 
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explain the comparatively rare dissemination of angular leaf spot by wind- 
blown dust, 

SUMMARY 

A field of 240 acres of the black-arm-susceptible SXP cotton plants grown 
from siilphuric-acid-delinted and Ceresan-dusted seed was extensively and 
uniformly infested and adjacent fields less affected, in September, with the 
black arm phase of angular leaf spot. The field with most severely infected 
plants lay directly west of a half-section of land planted with nontreated or 
Lizzy seed, and it adjoined on the west, without barrier, an 80-acre field also 
planted with untreated seed, 

A field of cotton from delinted and dusted seed that lay north of the 
half-section from nontreated seed contained more diseased plants on the side 
adjacent to the latter field. The ranch south of the half -section from fuzzy 
seed had black arm only in plants on the side of the ranch next to the half 
section. 

Although the stand of cotton in all the fields was good, evidence existed 
that black arm was present in the fields from fuzzy seed and not present in 
the fields from delinted and dusted seed in the seedling stage of the crop. 
This evidence agrees with the observations made in the spring a few miles 
farther north and in the same district. 

No source of black-arm inoculum existed other than the cultivated cotton. 
The inoculum could not have been carried into the fields from treated seed 
by irrigation water, for the fields were individually irrigated from deep 
wells and separated one from another by dry roadways ; furthermore, black 
arm was quite uniformly distributed over the fields from treated seed and 
fairiy uniformly developed in the plants from treated seed, rather than more 
extensive and in later stages in plants near irrigation ditches and in earlier 
stages in plants farther removed from the ditches. 

Cultures of acid-delinted and Ceresan-dusted seed from the same lot 
planted in the fields from treated seed usually gave neither bacteria nor 
fungi, and in no ease did they give a yellow bacterium. Cultures of the 
fuzzy seed from the same lot planted in the fields from untreated seed gave 
a luxuriant growth of fungi and also yellow colonies of bacteria that were 
proved to be the angular-leaf -spot (black-arm) germ. 

The cotton fields were swept b}^ a hailstorm on August 13 and by a dust 
storm one week later. The general direction of the storms was east to west. 
Prior to the storms no destructive action of black arm had been noticed. 
The hailstorm wounded the cotton plants and the dust storm disseminated 
the inoeulum of black arm. By September, infection with the bacterium of 
black arm was uniform throughout the fields from treated and untreated 
seed. 

Cotton fields here iised as checks or controls against the black-arm in- 
fested fields were planted approximately 12 miles distant from the latter, by 
the same farmers, with sulphuric acid-delinted and Ceresan-dusted seed 
from the same lot used in the infested fields, in like soil, under similar con- 
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ditions excepting hail injniy and subjection to violent dust .slHrio. Hit* 

control fields were isolated from other fields of tlie 

long staple (SXP) cotton. No black arm was found in the emitrol liiddt'- 

Conclusions Avere: (a) that the black-arm imundum was carried in fifisl 
from the half section of land bearing infected (atlon plants rearetl fr^tio 
fuzzy seed, that the heaviest dose of inoculnm reached the (‘utlnn iiftd hh 
west, but that the inoenlum-bearing dnst spread laterally wesivan! in a 
some-what fan-shaped belt to reach bordering fie]<ls on the north and on ilit* 
south while inoeiilnm from the smaller field reared from fuzzy see*] wa- lOs,. 
carried westward at the same time; and (b) that since the areii of I'oiiitn 
directly affected included more than two sections of lamb wimMdmui liir-l 
following .a hailstorm was most efficient in. disseniinatiitg the barderiiirii of 
angular leaf spot. 

Pursuance of these studies was facilitated by the absence of nil seed* 
borne diseases from the crop, except black arnn and the ahiiosi alisc»liiie 
freedom of the fields from diseases such as verticillium wiltn Texas not r**! 
and root knot that are caused by soil-dwelling parasites. C hi the otlan* liitinL 
part of the damage attributed to black arm by fanners was caused by the 
air-distribnted fungus, Alternaria sp. 

As an addendum for any cotton grower into whose hands, percliiiiinx 
this paper may fall, it is pointed out that, although the comliinati^ni ef 
meteorological events that contributed to the heavy loss (estimafeil to total 
$60,000 for the two farmers concerned) is not a common oeenrrenee, iiiixetl 
planting of treated and untreated cotton seed is unwise. 

Dept, of Plant Pathology, 

University op Arizona, 

Tucson, Arizona. 


PHYTOPATHOLOGICAL NOTES 


A Xylaria Pathogenic to Ginkgo hiloia L. Seeds. — In the course of a 
pathological survey of the Morris Arboretum, Philadelphia, Pennsylvania, in 
the suinnier of 1938, a species of Xylaria, tentatively identified as X. longeana 
Rhein, \vas isolated from dying and dead branches of a staminate specimen 
of Ginkgo biloba L. Experimental inoculations of seeds, seedlings, and 
liraiiches of mature trees were studied to determine the pathogenicity of the 
fungus. The results with seedlings and mature trees are as yet incomplete. 

Seed was collected in the fall of 1938 and of 1939. The outer fleshy layer 
was removed by washing and the seed then stored in a cardboard carton in 
a refrigerator at 40° P. The seeds were planted the April following collec- 



Eia. 1. Beodhngs 5 moiitlis after planting. A. Control. B. Inoculated, x 


tion, onedialf inch deep in native clay loam in twelve-inch pots, and kept un- 
der ordinary greenhouse conditions. The inoculation material consisted 
of the fungus, which was growing in steam-sterilized wheat. This was 
incorporated into the soil at the time the seeds were planted. Since no 
significant difference was noted in the results observed with sterilized and 
unsterilized soils in the first series, only the latter were used in subsequent 
experiments. 

Good emergence occurred in the control pots over a period of ten weeks, 
while the seedlings in the inoculated pots were badly stunted (Fig. 1) . In 
the inoculated pots the seeds that did not germinate and the seedlings that 

1 Acknowledgement is made to Br. Harlan H. York for helpful suggestions in the 
course of this work. 


91 



Phytopathology 


TABLE 1. Terceniage emergence of seedlings nf Gingl'i> hduhu in shr'g'> 
nonsterilwed soil certain -pots of which were inoculaled and (dlo rs bfi 


Nonsterile 

Sterile 

Honsterile 

Sterile 


!N‘onsterile 

Nonsterile 


failed to emerge were covered with thick, black mycelial masses rescinhliug 
stromata (Fig. 2, D). Prom such seeds fruiting bodies of tiie Xjflarin had 
pushed up above the surface of the soil. Removal of these masses of my- 
celium from the stony layer of the seed revealed black zone lines- ami spots 
(Pig. 2, E), which were extended through the stony layer into the papery 
layer of the testa (Pig. 2, P and G). Seeds that failed to germinate or were 


A. Normal seed with stony layer unbroken. B. ] 
f stony layer. C. Normal seed with stony lavei 
alj black mycelium and fruiting body of XyJa: 
L seeds in B, showing black wx. , 

L B, showing inside appearance of stony layer. 

L H and I. Seeds from inoculated 


lO'wing inside 
,* Seeds ' from 
E. Myeeliuin 

zone lines on outer surface of stony layer. 

'G1-. Seed from B witli stoiiv 
pots, killed soon after germination. All 

m7 of a black zone caused by Xi/laria z)ol>/morpha. 
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killed in tke preemergenee stage (Fig. 2, H and I) were ciiltnred and tke 
Xylaria reisolated. — Spencer H. Davis, Jr., and John B. Harry, The Morris 
Arboretum, Department of Botany, University of Pennsylvania, Philadel- 
phia, Pa. 

A Virosis-like Injury of Snapdragon Caused by Feeding of the Peach 
Aphid. — Snapdragon seedlings and cuttings grown for experimental pur- 
poses under glass at Los Angeles in the Spring of 1940 commonly showed 
an injury of the terminal growth, which resembled a virosis. Subsequently, 
the same injury was observed on Antirrhinum plants, growing both under 
glass and in a protected outdoor location in the San Francisco Bay area, and 
again in the Spring of 1941 under glass in Los Angeles. Careful examina- 
tion of the plants showed the presence of no pathogen and only occasional 
aphids or their cast skins. It appeared that the disease was caused by a 
virus or resulted from the feeding of the aphids. 

The genetical value of some of the plants made desirable their vegetative 
propagation, but the cessation of growth of diseased shoots would have made 
this unsuccessful if a virus had been involved. Tests were, therefore, under- 
taken to determine the cause of the disease. 

The injury has been observed occurring naturally on Antirrhimim majus 
L., A, speciosum Gray, A. nuttallianum Benth., A. glandulosum Lindl., A. 
virga Gray, A. molle L., and Linaria dalmatica Mill. The symptoms were 
essentially alike on all these species. 

The most characteristic feature of the injury was that apical growth 
was checked and each rosette of leaves, when viewed from above, had a 
pale yellow to white center with a periphery of green, or of green mottled 
or spotted with yellow. Stem tips thus injured often became brown and 
died, but sometimes resumed growth after a time (Fig. 1, C) or gave rise 
to new lateral branches (Fig. 1, D). 

The leaves were greatly reduced in size and frequently were rolled, 
dorsally curled, and laterally distorted (Fig. 1, A). Sometimes there 
were yellow or white spots 1 inm. in diameter in the laminae of apical 
leaves, particularly near the veins (Fig. 1, B). The midrib and principal 
veins were yellow to white and the pallor extended somewhat to the 
surrounding tissues, particularly at the leaf bases. Eugosity occurred 
only in eases in which yellow areas partially or wholly surrounded a 
green island. Injured leaves have never been observed to recover. 
Sometimes, particularly in a tetraploid and in a double-flowered diploid 
variety of A. majus^ persistent, bright yellow, circular spots up to 5 mm. in 
diameter developed in the basal leaves. 

The injury was found to be due to feeding of the peach aphid {Myzus 
persicae Sulz.^) Previously healthy snapdragon seedlings showed typical 
injury of the leaves on which small numbers of these aphids had fed. New 
foliage formed on either a continuation of the same axis or its laterals, 

1 Determination by E. 0. Essig, 
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A A^Vni^i injury to Antirrhinum spp. eaused by feeding of Myzus nrrxicac 

A. Apical leaves of A. majus, showing distortion and discoloration: check at right b' 
A. speoiosum leaves with characteristic pallid spots. 0. A. majus with stunted and dis- 
torted lower leaves and normal terminal growth produced after removal of aphids D 
A. majMs with development of growing point completely cheeked by aphids and normal 
new growth arising lateraUy following removal of aphids. ^ ^ noimal 

following the removal of the aphids, was entirely normal under environ- 
mental conditions in which infested plants contined to show symptoms 
(Fig. 1, C) . Peach aphids from a non-viruliferous line that had been main- 
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tained for many generations on turnip gave symptoms on Antirrhinum 
identical to those caused by insects taken directly from diseased snap- 
dragons. Plants showing the injury outdoors developed healthy new growth 
when freed of aphids and either taken into a glasshouse or kept out- 
doors ; plants that had not been freed of aphids confined to show symptoms. 
Plants that had recovered did not show symptoms again in 4 months time. 
Only leaves on which aphids had fed have showed these symptoms. Plants 
with several shoots have shown symptoms only on the specific branch on 
which the insects have fed. 

Attempts to transmit a virus, by the carborundum method, from diseased 
snapdragons to Turkish tobacco, Nicotiana glutinosa, spinach, tomato, 
cucumber, and snapdragon were unsuccessful. 

It is concluded that the injury was caused by feeding of the peach 
aphid, probably resulting from some toxic secretion of the insect. The 
aphid is so toxic that a few insects can cause a surprising amount of injury, 
particularly because they collect at the tender growing points. Although 
the aphid can build up high populations when caged on snapdragon, it has 
not been seen to do so on unprotected plants. Plants with both aphids and 
the injury they cause have consistently recovered when planted in the field 
under southern California conditions. — ^Kenneth F. Baker and C. M. 
Tompkins, Division of Plant Pathology, University of California, Berkeley, 
California. 

Technique -for Artificially Feeding Scolytus multistriatus and Saperda 
tridentata Spores of Ceratostomella idmi and Other Substances. — It is now 
established that Ceratostomella ulmi (Schwarz) Buisman is disseminated 
chiefly by Scolytus scolytus Fab. and S. n^^dtistriatus Marsh, in Europe and 
by the latter species in the United States. Grossmann^ and Betrem^ deter- 
mined that spores of C. 'ulmi were carried internally and externally by S. 
scolytus. 

Collins et aV reported the isolation of Ceratostomella ulmi from adult 
Scolytus multistriatus j captured w^hile crawling on elm logs in the field. 
But no record has been found of work to determine whether the fungus 
is carried internally or eliminated in the feces by S. multistriatus."^ To 
study this and other relationships between the beetle and fungus, a technique 
was devised for artificially feeding the beetles under conditions precluding 
external transfer of the fungus or other substances from the mouthparts to 
the posterior portion of the body and fecal pellets. 

1 Grosmann, Helene. Beitrage znr Kenntnis der Lebensgemeinsehaft zwiselien Bor- 
kenkafern und Pilzen. Zeitsckr. f. Parasitenk. 3: 57-102. 1931. 

sBetrem, J. G. De lepenziekte en de lepenspintkevers. Tijdsclii\ over Planten- 
ziekten 35: 273-288. 1929. 

s Oollins, C. W., W. B. Buckanan, B. B. Wbitten, and 0. H. Hoffmann. Bark beetles 
and other possible insect vectors of the Butch elm Ceratostomella %ilmi (Schwarz) 

Buisman. Jour. Econ. Ent. 29: 169-176. 1936. 

4 Since the preparation of this manuscript, Parker et al. have reported the isolation 
of (7. ulmi from the gut of Scolytus multistriatus. Parker, K. G., Philip A. Beadio, Leon 
J. Tyler, and Bonald L. Collins. Transmission of the Butch elm disease pathogen by 
Scolytus multistriatus and the development of infection. Phytopath. 31 : 657-663. 1941. 
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Active, reeeu% emerged adults, free of CcmtnstomclUi uhni. were stuck 
to the ends of tapered matchsticks with cellulose ghu'. The legs vere 
fastened to the end of the stick, leaving the head and the ]H.steri(.r'i.iu-t of 
the abdonieii free. 



A small stand (F%. 1, A) was eonstnuded from 2 ])ie{'es of wooc 

matchstick with the attached beetle was stuck in a hole near one cm 
base. A glass tube "was mounted on the end of anothei' uiafchslick i 
in a radio binding post. The stick was adjusted so that the head 
beetle wa,s just inside the end of the tube (Fig 1, ?>), The tula 
loaded with the various substances to be inge.sted. Air cun-euis ai 
were kept from the apparatus by a celluloid cover. Beetles fj-e<>ly i. 
food for as much as 15 days and water and other substances for seven-, 
while mounted on the matchsticks. In other experiments pi-cdete 
small quantities of spore suspensions were injeeded directly into the : 
of the beetles with the aid of a mieromanipulator and a micro-pipette 


- 




, Apparatus for artificial feedine of ScoJvtui 

mneed with elm bark: x, oesophagus; y, ingested fo^d L "mp 

Coremia of Ceratostomella ulmi, spore suspensio] 
suspension of G. ulmi mixed with finely ground elm I 
a solution of Neoprontosil were fed to the beetles, 
observed under a binocular microscope. 
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Tlie entire digestive tract was dissected out of several beetles and observed 
under the microscope/^ Ground bark, similar to that fed the beetles, was 
found in all parts of the gut and in fecal pellets voided by the beetles. 
Beetles usually commenced to discharge such pellets about hours after they 
began to feed. Ingested material was observed in the crop (Pig. 1, C, y) 
of beetles that had fed for short periods. In beetles that had not fed, the 
entire gut was empty except for the rectal area, which always contained 
small white pellets of material that was not identified. 

Pellets of excrement were obtained from the feeding beetles under con- 
ditions precluding their accidental contamination by Ceratostomella ulmi. 
The feet were fastened and could not accidentally transfer contaminated 
particles from the heads to the posterior parts of the abdomens. The en- 
tire posteriors of the beetles were frequently surface-sterilized by brushing 
with 95 per cent alcohol. The alcohol treatment did not interfere with 
feeding or prevent elimination of feces. 

Adult Scolytus sulcatus Le C. and Saperda trident ata Oliv. have been 
fed successfully by the same method. — 'W. D. Buchanan, Division of Forest 
Insect Investigations, Bureau of Entomology and Plant Quarantine, and 
Curtis May, Division of Forest Pathology, Bureau of Plant Industry, IT. S. 
Department of Agriculture, Morristown, N. J. 

Aecidiiim gossypi% the Aecial Stage of Puccinia houtelouae} — Connec- 
tion has been established between A ecidmm gossypii and a Pnccinia on 
Bouteloua spp. Observations had indicated that there might be a connection 
between the uredial and telial stages of the rust on the grasses and the aecia 
on cotton. The connection was finally established by inoculating cotton with 
telial material from Bouteloua aristidoides and B. harhata and then rein- 
oculating these 2 grasses with the resulting aecia on cotton. That cotton 
is the aecial host for the rust on the Bouteloua in nature is indicated by field 
observations. 

In the late summer and fall of 1940 there were heavy epidemics of cotton 
rust in several widely separated localities of Arizona. There was particu- 
larly good opportunity to study the rust at Hidden Valley (Pinal County) 
and to observe the native vegetation growing on the desert immediately ad- 
jacent to cotton fields. In one field especially there was no possibility that 
the rust had been carried over on some other crop plant, because the field was 

» TRe writers are indebted to R. T. Webber of the Bureau of Entomology and Plant 
Quarantine for his assistance in dissecting the gut from a number of beetles. 

1 Cooperative investigations between the Division of Cotton and Other Fiber Crops 
and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Minne- 
sota Agricultural Experiment Station. Paper No. 1910 of the Scientific Journal Series 
of the Minnesota Agricultural Experiment Station. The field work was done in the 
course of the writer ^s regular duties at the IT. S. Dept, of Agriculture field station at 
Sacaton, Arizona. The greenhouse and laboratory work was done at University Farm, 
St, Paul, Minn., while the writer was on leave from federal duties and held a research 
assistantship at the University of Minnesota. 

The writer wishes to express his deep gratitude to William Q. Loegering, Agent in the 
Division of Plant Disease Control, Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture, stationed at University Farm, St. Paul, Minn., for coopera- 
tion in the laboratory and greenhouse 'work. 


98 


Phytopathology 


fVoL. 32 


under cultivation for the firat time, having been cleared of desert growth 
■p year. The native plants were critically examined in tlie hoiw 

°rass^R^ fi unknoAvn telial host of the cotton rust fnngtis; twu species of 
.xass, Bouteloua anshdokles and B. iarhafa. were found beavih- rusied 
ese Jservations were confirmed in the Coutineutal area (Pima' C'nnutvl 
wiere the same two species of grass were found severelv rusted ad im-ent'-t 
an znfected field of cotton. The fact that tlie severity o'f rust on 't 1, ‘ .n-e ^ 
decreased with the distance from the cotton idantino' sims-esi >I • ' 

between the grass rust and that on cotton. ^ 

Fresh uredial and telial material was collected in Rente, nber. ,1.040 .,,,,1 
en a ively identified as Piiecinia loutchiiae (Jennings) ir„hv. This mate 
e lal was stored m a refrigerator; in March, 1041 telia that In t 
wintered on the desert were collected also. B ,th coilection ,t, e i "r’'’' 
xnoculation studies at the University of Minnesota toi, I 
1941 Several species of Bouteloua (B. arisfidoides B Irnhafo ?- u- 
pmdula and B gracilis) became infected ivhen inoculated with the'uredia 
collected in Arizona the previous fall. Cotton seedtimes of he T-, • ' 
a out 2 weeks old, were exposed separately to germinatino- telia fi-oni the^kd' 

zsr: 

4 dajj a.d had thus caus«i a utuch 

second series of plants. "1 to tall on tie 

abo^ZTaSSaeaoZZ TZ ™s noticed 

cups had matured p)an£*i,t Bmtf 

snores . a dstZ. ’ a ' Bouteloua spp. were inoculated tviti, the aeeio- 

as a reiult of inocnIaHne BoaS'ira Tb ' Z"*"® nrediospores formed 

those of uredioXe^^ o„ tbe i " "'ith 

nredia formeTr^ a ,es i„„f„ Zl Zf Z” •"» 

material. inoculated wrth the fall collection of uredial 

asreed in all respectsZh 

uredial stage as found in natn rp a ^ +n + ^ species. Furthermore, the 
grasses with the above-mentioned ap ^ from inoculation of the 

respects to the description of the specks ‘'khe^^^' conformed in all 
fore that the rust causing infection on cotton 

p. “~h r r ‘ ~ 

•.ioali, the most pronounced ie^eZet^r Z; 
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Arthur,^ being the length of the teliospore pedicels. Nevertheless, the 
writer examined herbarinin specimens labeled P. vexans^ and they agreed 
with the description of P. ioutelotiae. It may be that there is only one rust 
or that P. ijexans and P. hoiiieloiiae should be considered races of the same 
species. If it is concluded that there is a single species, the name P. vexans 
wnnld have priority. This entire question, however, must await further 
observations, experiments, and examination of herbarium material. — eloHN 
T. Presley, IT. S. Field Station, Sacaton, Arizona. 

Transmtssion of Chlorotic Sh’^eak of Sugar Cane ly the Leaf Sapper 
Braemdacsphala portolad — The cause and the means of natural transmission 
of ehlorotie streak of sugar cane have remained unknown since the disease 
was first differentiated by Wilbrink in Java in 1928. Most workers who 
have studied the disease have noted that the nature of spread in the field 
indicated possible transmission by an insect vector, although proof has been 
lacking. 

Experiments on insect transmission of the disease were conducted in 
Louisiana by the writers during 1941 in an inseehproof greenhouse. Cages 
3 ft. long, 3,5 ft. tall, and 2 ft. wide, with tight wooden bottoms, and covered 
with 40-mesh copper- wire cloth and yery finely woven cotton cloth, were used 
on ant-proof benches. Into each cage were placed from 10 to 15 insect-free 
ehlorotic-streak-diseased plants of the variety C.P. 29/320 growing in steri- 
lized 4-in. clay pots in soil that had been subjected to flowing steam for 3 to 4 
hours, and an equal number of insect-free healthy plants growing in steamed 
soil from cuttings treated with hot water at 52° C. for 20 minutes, which 
treatment eliminates the disease. In this note, the term ^‘healthy” is used 
to refer to plants grown from cuttings so treated. 

An average of 5 Draeculacephala portola per healthy plant was intro- 
duced into each cage and allowed to feed for from 7 to 14 days. The healthy 
plants were then removed from the cages in a closed room separated from the 
greenhouse and placed in other cages, where they were fumigated twice at 
intervals of 7 to 10 days before being returned to the greenhouse. In some 
instances the diseased plants were removed prior to introducing the healthy 
ones into cages with leaf hoppers that had been feeding for 2 to 4 weeks on 
diseased plants. The entire greenhouse was fumigated at intervals of 7 to 
10 days. 

A total of 490 healthy plants was exposed to the leaf hoppers in this man- 
ner, beginning in March, 1941, and continuing to late May. By September 1, 
25 of these had developed typical leaf symptoms of ehlorotie streak. Twenty 
of these were from cages containing both diseased and healthy plants, and 5 

2 AxtRur, Joseph Charles. Manval of the rusts in United States and Canada. Pur- 
due Eesearch Foundation, Lafayette, Indiana, 1934. pp. 172-173. 

Although Draeculacephala portola Ball has previously been misidentified as P. 
moUipes (Say) feeding on sugar cane in the Gulf States, true mollipes appears to occur 
primarily in the northeastern United States and is not known as a pest of sugar cane in 
Florida or Louisiana. 
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were from those m which the healthy plants had been exposed to the leaf 
hoppers following removal of the diseased plants. 

As controls, 60 healthy plants were caged witli diseased j)lant.s, hut with- 
ont leaf hoppers, for the same period of time as those with tlie ins<>ets- be- 
tween 300 and 400 healthy plants were grown in a heiu-h adjacent to diseiised 
ones m the greenhouse in which the transmission experiments were ei.n- 
dueted; and 20 healthy plants Avere grown for ') months in a lamch of soil i„ 
the gTeenhouse, set alternately at S-inch intervals with diseased ones, where 
their roots and leaves Avere in intimate contact. Xone of tliese lias slmw„ 
symptoms of chlorotic streak. In addition, 20 healthv plants liave been 
grown in an inseet-proof greenhou.se for 2 years in coiitact with chlorofi " 
streak-diseased plants and have remained aiiiiarently healthy. 

While these experiments are of a preliminary nature, thev offer proof of 
transmission of this disease by Draccuhtcvphala portola. This leaf hopper is 
nsiially more abundant in Louisiana than the total of all other snckiim insects 
foimd on sugar cane, excluding mealybugs. The question of Avhether Lus 
leaf hopper or close relatives coexist with the disease is of interest The 
genus Draeculacephala has been reported in Hawaii, Puerto Eieo. Lolombia 

SioL°''bnr’ f apparently spreads inuler natural con- 
ditions, but not in Java, Avhere the disease Avas first described Further 
experiments with this and other siigar-eane insects are in Y 

Abbott, Bureau of Plant Industry, and J. W. Ihgkah, iuimu of Sitm 
Lotlkna'' S. Department of Agrieiilture, Houma, 

_ 8^iscepmmy of Lee x Yictoria Oat Selections to Loose Sm.i -Since its 
intiwluctioii into the United States in 1927, the Victoria oat has been used 

especmlly promising for particular regior.! have been 

smir'^ir’ *^'i has been highlv resistant to 

/S ' A 7 "^7 inoculated with many collections of loose (rstilaoo avenae 
(Pars.) Jens.) and covered (U. Uvis (Kell, and Sav.) Hagn Z 

erous field and greenhouse experiments, and has been fnllA^-esistant to ‘U 
races of loose smut and 14 of covered stnrif t+ .. i •- d nt to 
almost all races of crown rust {Puccima coronZa ''' 

A specimen of loose smut (Collection 50) from Fubduun o-its /.nlt» c 1 1 



Data on the infection of 22 selections f-rmn t z.,, , a- x • 
given in table 1. selections fiom a Lee xT ictoria cross are 
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TABLE l,-—B>6action of Lee and Victoria oat varieties avid selections from crosses 
betioeen them to a newly discovered race of loose smut at the BrooMyn Botanic Garden, 
Brooklyn, N, Y., in 1941 


C. I. 

No. 

Selection No. 

Variety 

Plants 

grown 

Plants inf eeted 




N 'limber 

Number 

JPer cent 



Parental varieties 




2042 


Lee 

27 

25 

92.6 

2401 


Victoria 

16 

7 

43.8 



Selections 




3379 

Pl~7-3-l 

Lega 

17 

2 

11.8 

3384 

Pl-7-4-1 

Levic 

19 

9 

47.4 

3392 

Pl-20-4-1 

Letoria 

24 

12 

50.0 

3393 

P5-9-3-2 

Lenoir 

19 

11 

57.9 

3969 

P32-4-l~2 


20 

2 

10.0 

3400 

P34-l_2-l 


15 

1 

6.6 

3402 

P34~l-2-3 



14 

1 

7.1 

3404 

P34~l-3-l 

Lelina 

21 

10 

47.6 

3405 

P34~l-3-2 


17 

7 

41 2 

3406 

P34-9-1-1 

! 

j ' 

25 

17 

68.0 

3609 

Coker 38-57 

1 

23 

11 

47.8 

3855 

Coker 40-5 

Stanton 

^ 10 

2 

20.0 

3936 

Coker 40-6 


i 28 

6 

21.4 

3944 

Coker 40-33 


i 23 

9 

39.1 

3945 

Coker 40-34 


' 18 

10 

55.6 

3946 

Coker 40-35 


24 

9 

37.5 

3947 

Coker 40-38 


22 

10 

i 45.5 

3948 

Coker 40-39 


29 

13 

I 44.8 

3949 

Coker 40-40 


13 

7 

i 53.8 

3950 

Coker 40-44 


16 

6 

1 37.5 

3951 

Coker 40-47 


22 

4 

i 18.2 

3694 

Ark. 3-28-12-1 


22 

11 

50.0 


developed by the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, in cooperation with the Iowa, North Carolina, Georgia, and Arkan- 
sas agricultural experiment stations and the Coker’s Pedigreed Seed Com- 
pany, Hartsville, South Carolina. These selections have been resistant to 
all other races of smut, and to most races of crown rust to which they have 
been subjected, and several of them showed such excellent performance that 
they were distributed to f armers. 

Although preliminary results indicated that the Oklahoma smut collec- 
tion -was 013 e of a half dozen known Pulghum-susceptible races of loose smut, 
it now seems evident that a hitherto unrecorded race of loose smut has been 
isolated. This race is especially interesting because of its pathogenicity 
for Victoria, thus far resistant to all known races of both oat smuts. 

As shown in table 1, Victoria and Lee were infected 43.7 and 92.5 per 
cent, respectively. Lee is highly susceptible to many races of both smuts. 
The 22 selections showed infections by this new race of smut, ranging from 
6.6 to 68.0 per cent. This new race may not be widely distributed, and it can 
only be hoped that many years may elapse before it seriously affects the im- 
portance of these new oats in the South. 

Strains from other crosses with Victoria that are resistant to other races 
of smut also -were tested for reaction to the new race. Three selections from 
the cross with Hairy Culberson showed 52.3 to 70.8 per cent of infection 
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when inoeiilated with the OHahoma race. On tlie other hand, selections 
from crosses of Victoria Avith Fulgrain, Norton, and Xortex jn-oved resistant. 
Nortex appears resistant, as also do Banger and Knstler. wiiii'h were 
selected from the Nortex-Victoria cross. Fnltex was resistant tn Oollec- 
tion 50 in the initial tests, although both Fulghnm and Victoi'ia, the ]);irents 
of Fnltex, were somewhat susceptible to the new race. Tt is ])robal>le that 
these two varieties carry different factors for resistance that combine to 
eATolve resistant lines. Preliminary tests showed that the so-('al1(>d standard 
smut-resistant vai'ieties Pond, IMarkton, and Navarro — were resistant to 
this new race. Black Mesdag, susceptible to certain other rai-es, aK,, ^vas 
resistant. B,ed Rustproof appears to be resistant. 

Further tests are necessary to determine the reaction to this new race 
of smut of other varieties and selections from Victoria crosses, such as P.tone. 
Tama, and Vicland recently developed, important varieties. 

The new race of smut, embraced by Collection 50 from Oklahoma, will be 
designated as A-30.— George M. Reed, Brooklyn Botanic Garden, and T. B. 
Stanton, Bureau of Plant Industry, TJ. S. Department of Agriculture. 


THE COMPLEX NATURE OP WHITE-CLOVER MOSAIC 

F 0 L K E J 0 H N S 0 N i 

(Accepted for publication May 26, 1941) 

INTRODUCTION 

Wliite-clovei' mosaic, a disease that causes streak when transmitted to 
the garden pea (Pisum sativum, L.) (13, 14, 24, 25), has been regarded as 
indneed by a single virus# classified by Weiss (18) as Trifolium virus 1. In 
a recent study (7) on the transmission of viruses by dodder {Cuscuta cam,- 
pestris Yunek,), the writer isolated two distinct entities from white clover 
plants {Trifolium repens L.) affected by mosaic. Separation of the two 
viruses was possible because dodder transmitted only one of them, and the 
cowpea (Vigna sinensis (L.) BndL) was susceptible only to the other. The 
virus transmitted by dodder will be referred to as pea-mottle virus and that 
isolated by means of cowpea will be designated as pea-wilt virus. The pres- 
ent paper presents the results of a study of the properties of these two 
viruses, their characteristic reactions, and their probable relationships with 
other legume viruses. 

LITERATURE REVIEW 

The literature reveals the fact that symptoms of streak in pea may be 
caused by any one of a number of distinct viruses or virus complexes. Lin- 
ford (9) noted that pea streak was present in fields from the Atlantic coast 
to Utah and Montana. He subsequently showed (10) that in Hawaii a 
similar disease was produced in peas by the virus of pineapple yellow spot, 
now known to be identical (12, 15) with tomato spotted-wilt virus (Lethum 
australiense H.).^ Linford’s results were confirmed by Wliipple (19) and 
Snyder and Thomas (16), who reported that spotted-wilt virus caused streak 
in garden peas and sweet peas. Adam (1), in South Australia, obtained 
results identical with those of "Whipple. In a recent communication, 
Whipple and Walker (20) described two viruses believed to be strains of 
the common cucumber-mosaic virus {Marmor micumeris H.), both of which 
caused streak in certain field-grown peas in Wisconsin. Further evidence 
that strains of the cucumber-mosaic virus were widespread in nature and 
caused streak in garden peas was given by Zaumeyer (23). Stubbs (17) 
reported that tobacco-ringspot virus {Anmilus tahaci H.) caused streak and 
death of inoculated pea plants. Zaumeyer (22) described an outbreak of 
streak in garden peas exposed to pea aphids {Macrosiphum pisi Kaltenbach) 
collected from field-growm alfalfa (Medicago sativa L.) and believed the 
disease to be caused by a distinct virus, which he called pea-streak virus 1; 
Zaumeyer also isolated two strains of alfalfa-mosaic virus {Marmor medi- 

1 At present, holder, of the Elizabeth Olay Howald Scholarship, Departinent of Botany, 
Ohio State University, Columbus, Ohio. 

2 The Latin names used in this paper follow the system of nomenclature presented in 
the Handbook of Phytopathogenie Viruses (5). 
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eagmis H.)? which gave symptoms nearly comparable to streak wlieii used 
to infect peas. A systemic streak in greenhouse-grown |>eas inoculated 
with juice from mosaic-infected white clover w^as observed b\'" ^Z^aurniwe?* and 
Wade (24, 26) and by Pierce (13, 14); wliile Osborn (11) noted a similar 
disease caused by the red clover vein-mosaic virus (il/. frifolii IL). (Iiam- 
berlain (4) i^eported a ne'W virus that caused pea str<‘ak in Xtnv Zealand, 
and more recently Ainsworth and Ogilvie (2, 3), showed tind leltm*e*inosaii* 
virus (4/. laciucae H.) caused streak and death of sweet pt^as in Ort^at 
BritaiiL A single mention of pea streak occurring in China was made by 
Yu (21). Thus it is known that in addition to the rep(U-ts of pea stnmk 
made by Chamberlain (4) and Yu (21), the viruses of tomato spotttHl-wilt 
(pineapple yellow-spot), encumber mosaic, pea, streak, alfalfa mosaic, whitt‘- 
clover mosaic, I'ed-elover vein mosaic and lettuce mosaic ('aused sti-eak ami 
death to garden peas and sweet peas in various parts of the world. 

SEPARATION OP THE VIRUSES FR0:M THE COMPLEX 

Pea-mottle virus was isolated by the following method: 12 white-clover 
plants infected with the virus complex (Trifolium virus 1) were joined by 
means of dodder to 12 healthy broad-bean plants (Ticia fiiba L.). ISimi- 
larly, 8 hop-clover plants (Merlmupo Inpidinn L.), infected with the virus 
complex, were connected to 8 healthy hop-clover plants. Nine broad-bean 
and 5 hop-clover plants became diseased with mosaic during a period of 
time between 32 and 40 days after connecting them with the diseased plants. 
The hop-clover plants were mildly mottled and less stunted than those to 
which they were connected (Pig. 1, A). Inoculation of Dwarf Telephone 
peas with juice from the diseased broad beans and mildly affected hop clover 
produced symptoms of mosaic (Pig. 1, B, b, c) rather than those of streak. 
The same result was obtained 'when pea plants were inoculated with juice 
extracted from dodder that had parasitized infected white clover. On the 
other hand, inoeulations of similar plants with juice from the diseased wliite 
clover invariably resulted in streak. The results led tp the belief that the 
white clover was infected with more than one virus, and that dodder had 
isolated but one constituent of the complex, namely pea-mottle virus. 

The second constituent of the complex, referred to as pea- wilt virus, was 
isolated by inoculation of cow^pea with juice from the diseased white clover, 
since it was found that eowpea plants were not susceptible to infection with 
pea-mottle vixms. Cowpea leaves inoeulatecl with plant juice containiug the 
virus complex developed brown, necrotic, local lesions (Pig. 1, B, a). On 
transfer from infected eowpeas to Hundredfold peas, the virus produced 
no definite local lesions, but caused wilting and death of the inoculated 
leaves (Pig. 1, C, a). The infected pea plants did not develop streak or 
chlorotic mottling, but showed only a mild discoloration of the stem; never- 
theless, it was easy to demonstrate the presence of virus in the tops of in- 
fected plants by inoculation of expressed juice to eowpeas. The pea-wilt 
virus isolated in this manner, when mixed with the previously isolated pea- 



Fig. 1. Symptoms produced by virus complex and separated virus constituents in 
several plants. a. Dwarfing and malformation in kop clover caused by virus complex 
(Trifolium virus 1) from mosaic- infected white clover, b. Mild mottling in hop clover 
produced by pea-mottle virus, c. Healthy hop-clover leaf. B, a. Local necrotic lesions 
in cowpea produced by pea-wilt virus, b, e. Mosaic in Dwarf Telephone pea caused by 
pea-mottle virus. Early symptoms at b, later symptoms at c. d. Healthy Dwarf Tele- 
phone pea leaves. C, a. Death of inoculated leaf resulting in Dwarf Telephone pea from 
infection of pea-wilt virus, b. Healthy Dwarf Telephone pea plant, c. Streak in Dwarf 
Telephone pea produced by infection with a combination of pea-mottle virus and pea-wilt 
virus. (Photographs by Julian A. Carlile.) 
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TABLE 1 . — Comparative suscept range of pea-motile virus and pta-wUf rims urcord- 
ing to f amilies 


Host plant 

Pea-mottle virus 

Pt‘a-wilt virus 

Plants 

tested^ 

Synqdoms^’ 

Planis 

Syuiptuiiis 

Garyo])liyHaceae 





SicUaria ynvdia (L.) Cyrill 

a/8 

M 

8/6 


Cheaopodiaeoae 





Beta vulgaris L. (Sugar beet) ......... 

10/0 


;io/o 


Spinacia oleracea L. 

5/5 

M 

5/0 


Gompositae 





CaUistrphus ehinensis Nees 

10/0 


10/0 


Lactnca saiiva L. 

10/0 


10/0 


Taraxacum officinale Weber 

1/0 


1/0 


Zinnia degajis Jaeq 

20/0 


22/0 


C rue i ferae 





Barharea vulgaris B. Br. 

1/0 


1/0 


Brassica oleracea L. 





ear. cap i fata DC 

5/0 


5/0 


Baplian us sativus L. : 

5/0 


5/0 ■ 


Gueurbitaeeae 





Cucumls sativus L. 

25/24 

YL 

25/0 


Gramineae 





Zea 7na us L ... 

16/0 


10/0 


Legunihiosae 





Glycine max Men* 

18/0 


22/0 


Lathyrus odoratus L. 





var. Bridal Veil 

8/8 


6/6 

in, LX 

var. Cardinal 

7/7 

M 

7/7 

m, liX 

var. Treasure Island 

8/8 

M 

0/4 

in, LN' 

Lens esculenia Moeneli 

16/16 

VC, s 

17/17 

in, vS 

Lupin us alhus L. 

10/10 

M, NS 

10/1 

VC 

L. liirsiitus L. 

10/10 

M, NS 

30/0 


Medieago htpuUna L. 

10/10 

M . 

10/10 

in 

M. sativa L. 

10/6 

M 

3 0/0 


Melilotus alba Desr .. 

1 18/18 

M 

38/8 

1.11 

Phaseoliis aureus Boxb .. 

1 15/1 

VG 

3 4/3 3 

BB, XS 

P. vulgaris L. 





var. Early Golden Cluster 

15/15 

At 

15/6 i 

ni 

var. Great Northern U. of Idaho 





No. 1 

1 12/10 

in 

JVl ^ 

’ ■ in 

var. Ideal Market 

! 10/0 


%l/0 


var. Kentucky Wonder 

* 8/8 

in 

7/0 


var. Navv .Bobust .: 

7/7 

TL, in 

9/0 


var. Red Kidney .. 

8/8 

YL, in 

9/6 

m 

var. Bed Valentine 

16/16 

At 

11/11 

in 

var. Robust ..... 

9/9 

VL, m 

9/9 

in 

var. Btringless Refugee 

9/9 

At 

9/5 

in 

var. Striugless Refugee Green 





Pod 

9/9 

M ■ 

9/4 

: in 

var. II. S. No, 5 Refugee 

12/9 

YL, in 

3 2/8 

in 

var. Unrivalled Wax 

12/12 

A'L, m 

12/0> 

HI 

Pisum sativum L. 





var. Alaska 

15/10 

AI 

3 7/15 

nu LS 

var. Dwarf Alderman 

30/28 

M 

30/30 

LN 

var. Dwarf Telephone 

28/26 

M 

30/30 

. LN 

var. Hundredfold 

39/38 

■ M ' 

36/35 

LN 

var. Laxtoii Progress . 

26/20 

AI 

23/23 

LN 

var. Little Marvel 

16/16 

M 

18/18 

LN 

var. Nott^s Excelsior 

18/18 

M 

20/20 

LN 

var. Perfection 

23/23 

.M . 

29/29 

LN 

var. Potlatch 

21/21 

■ M 

18/18 

LN 

var. arvense Poir. 





Canada White 

20/20 

M 

19/18 

in, LX 
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TABLE 1. — {Continued) 


Host plant 

Pea-mottle virus 

Pea-wilt virus 

Plants 

testeda 

Symptomsi> 

Plants 

tested 

Symptoms 

Tri folium liyhridim L 

5/5 

M 

6/5 

None 

T. inearnatum L 

10/10 

m, VC 

10/10 

VC 

T. pratense L 

10/10 

M 

10/10 

m, VC 

T. re pens L 

10/10 

M 

10/10 

M 

Vic la faha L. 

25/18 

M, ns 

23/13 

m, ES 

F. sativa L 

16/16 

m, NS 

16/16 

m, VC 

Vigna sinensis (L.) Endl 

30/0 


50/38 

m,BLL 

rdliaccae 





LUium formosanum Stapf 

10/0 


10/0 


TMaiitaginaccae 





Phintaao Imiceolata L. 

1/0 


1/0 


P. raa jor L. 

1/0 


1/0 


Polygonaceae 





Eutnex acetosella L 

1/0 


1/0 


Scrophiilariaceae 





Antirrlihium majus L. 





var. Giant Crimson 

i 8/5 

M 

8/0 


var. Giant White 

I 8/3 

M 

8/0 


Solanaeeae 

j 




Datura siramonimn L 

5/0 


5/0 


Lycopersico7i esculentum Mill 

I 15/0 


15/0 


Nicotiana glutmosa L 

I 35/0 


40/0 


-V. tahacum L 

35/0 


45/0 


V. rustiea L 

5/0 


5/0 


V. sylvestris Spegaz. and Comes 

20/0 


20/0 


Solan um nigrum L 

1 5/0 


5/0 



a The numerator indicates the number of plants inoculated, denominator indicates the 
number of plants diseased. 

M = mottling ; 8 = streak; YL = sj^stemic yellow lesions; NS = necrotic spotting; 
VC = vein clearing; BS=:ring spotting; LN = basal leaf wilting and neei'osis; BLL = 
brown local lesions. Similar descriptions with small letters indicate these symptoms were 
mild. 

mottle virus, caused typical symptoms of streak in Dwarf Telephone and 
Hundredfold peas (Fig. 1, C, e). 

SUSOEPT RANGE 

In order to obtain a better understanding of the relationship between 
the two viruses, a knowledge of their suscept ranges was needed. An at- 
tempt was made to test as far as possible those species and varieties of plants 
used by other investigators in their work with legume viruses. All plants 
were grown from seed in a greenhouse held at about 25^ C. and fumigated 
regularly to destroy insects. Plants tested for susceptibility were young 
and in a stage of rapid growth. The test plants were dusted with carborun- 
dum powder and inoculated by the rubbing method. Inoculum was pre- 
pared from diseased tissue of young, rapidly growing plants by macerating 
it in a sterile mortar to which a few drops of tap water were added. A 
sterile cotto}i swab on a small stick was dipped in the inoculum and gently 
rubbed over the plant tissue, which was supported with a sterile pot label. 
This method of inoculation has been described in detail by Jones (8). 
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When plants with large leaves were inoeulated, stei*ilt‘ gauze pads were used 
instead of the cotton swabs, and the leaves were supported in the hand. 
Ininiediately after inocnlation the plants were I'insed with wattu* froni a 
sprinkling can in order to remove any toxi(^ materials. Fiami 2 to o leaves 
were inoeulated, depending upon the size and growth habit ol,‘ plants. 
After a snitable ineiibation period, snb-inoenlations were made to peas with 
jiiiee from tlie tested host plants. 

As is shown in table 1, peannottle viriLs infeetetl {)lants in tlH‘ Caryo- 
phyllaeeae, Chenopodiaceae, Ciicorbitaceae, Sero])hularia<'eae, and Lt*gu- 
niinosae, while pea-wilt virus infected plants of the Leguminosat‘ only. 

SYMPTOMATOLOGY 

Pea-mottle Vims: AVhen pea plants were inoculated with ]>ea-inottb‘ 
virus, the developing leaves failed to open as readily as in healthy plants; 
and from 8 to 12 days after inoculation a fine clearing of veins a]>peared in 
the young foliage. The large veins were bleached and tlie network cd' tine 
veins stood ont in contrast to the adjacent tissues (Fig. 1, />\ b). Xnmer- 
ous, small, irregulai*, light-yellow’' spots were scattered over the youngest 
foliage. Inf eetecl plants were slightly stunted and lighter in color than 
healthy plants. The first two leaves that developed after tlie mottling was 
noticeable were more severely affected than the suceepding ones in which the 
yellow spots coalesced to form large light-green areas (Pig. 1, B, c). The 
stipules showed the same type of mottle that wtis found in tlie leaves. Some 
varieties of plants outgrew the mottling before blooming. No symptoms 
were noticeable on the steins ; likewise, no apparent effects were observed in 
the pods or seeds of infected jilants. 

On bean (Phaseohis vulgaris L.), pea-mottle virus produced light -yellow 
spots and clearing of veins (Pig. 2, A, a). These sym})toms were uniform 
on the varieties that were tested. On Alsike clover (Tri folium Infbridnm 
L.), red clover {T. pratense L.) and white clover, liglit-yeilow areas ap- 
peared between the veins. The symptoms in alfalfa were distiiud, pousist- 
ing of irregular streaks of yellowing along the veins and adja<'ent tissues. 
In some cases dark-green irregular pat(dies of tissue be(^ame outlined with 
light-yellow margins. Infected spinach plants {Spinacia obravea L.) 
became dwarfed and severely mottled, and infected encumber (Cucumis 
sativus L.) showed light-yellow secondary lesions (Pig. 2, />\ b, (*). 

Pea-tvilt Virus. Symptoms produced by this virus in pea w(‘re notice- 
able in from 5 to 8 days followniig inocnlation. The inoculated leaves 
wilted and died and the petioles shriveled, leaving the dead, dried leaves 
attached to the stem (Pig. 1, C, a). One or more of tiie adjacent, lower 
leaves also wilted and died. In most cases the tops of the plants appeared 
healthy, but in two varieties, Alaska and Canada White, a faint mottling 
developed and soon disappeared. The stems showed a faint grayish dis- 
coloration. Infected plants grew slowly and were dwarfed in comparison 
with healthy plants. 



Fig. 2. Symptoms produced by separate virus constituents in several plants. A, a. 
Symptoms in Bed Valentine bean caused by pea-mottle virus, b. Healthy Bed Valentine 
bean. c. Diffuse mottle in Bed Valentine bean caused by pea-wilt virus. B, a. Healthy 
spinach leaf. b. Mottling in spinach caused by pea-mottle virus, c. Symptoms in cucum- 
ber caused by pea-mottle virus. 0, a. Healthy Pha$eolm aure%s leaf. b. Zonate necrotic 
spots in inoculated leaf of P. aureus caused by pea- wilt virus, e. Bing spotting and 
necrosis in broad bean caused by pea-wilt virus, d. Mosaic in broad bean caused by pea- 
mottle virus. ( Phot ograidis by Julian A. Carlile.) 
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In cowpea plants the inoeulated primary leaves deYeloi)e(l hrewu, Jeeal 
lesions (Fig. 1, B, a), while the trifoliate leaves showed isolated dilfuse areas 
where the veins became slightly blea(!hed. In mnng bean ( [’hast nun hs 
Eoxb.), necrotic zonate lesions were prodneed on the inoeulated primary 
leaves (Fig. 2, C, b), and in some instaiunss dark necrotic spots developcnl 
in systeniieally invaded leaves. A blotchy ino.saie ilisease was produced in 
infected bean plants (Fig. 2, A, e). Most of the elov(>rs that were iufeettal 
showed only a very faint mottle, but tvhite clover was notieeabl.v mottled. 
Alsike clover showed no symptoms of diseas(>, although tin* plants were sys- 
temically invaded by the virus. 

HISTOPATHOLOtlY 

Epidermal strippings and cross sections of stems of Alsike (duver, red 
clover, white clover, hop clover, and several vai-ieties of piui infectted with 
either pea-mottle virus or pea-wilt virus were examined under the micro- 
scope for inteaeellular inclusions. In each case the diseased material was 
compared with healthy tissue. Water and several other mounting media 
were used, but iodine-potassium iodide solution, in the pro])ortion of 1 ]>art 
iodine, 3 parts potassium iodide, and 150 itarts water, gave the best residts 
staining the nuclei brown. Examinations failed to reveal inclusion bodies 
or unusual crystalline deposits. Calcium oxylate crystals were found in 
both healthy and diseased plants, but plate crystals, like those found in 
tobacco and other plants infected with certain viruses, w'ere not observed. 

TRANSMISSION STUDIES 

In addition to the transmission experiments with dodder, an attemiit 
was made to determine whether or not the pea aphid (Maerosiphum pisi 
valt.) was a vector of these viruses under laboratorv conditious. Plants 
of red clover, white clover, hop clover, and Dwarf Alderman [leas infccKsl 
with ea^ virus were caged separately ami 30 healthy aiihids added to each 
cage. Healthy plants of each species were treated similarlv and nseil as 
controls. After a feeding period of 4 days on the diseased and healthy con- 
trol plants, the aphids were transferred separatelv from each ea<>'e to 6 
healthy, caged Dwarf Alderman peas. An attempt wa.s nuule to place an 
equal number of insects on each pea plant. The aphids were allowed to 
feed for a period of 4 days after which they were killed by fumigation, and 
the plants removed to a greenhouse bench for observation. No svmi)toms 
of disease appeared on any of the test plants; likewise, all control plants 
remained heMthy. Since pea-wilt virus did not produce mottling in ]>ea it 

infected without showing definite symptoms. To determine whether this 
was actually the ease, a small portion of leaf tissue was removed from each 
p ant, macerated m a mortar to which pea-mottle virus was added, and used 
inoculum for healthy peas. Typical symptoms of pea-mottle developed 
le mocu ated plants instead of those of streak which would have been 
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tlie result liad tlie plants been infected with both viruses. This result dem- 
onstrated that pea-wilt virus had not been transmitted to peas by the pea 
aphid. 

A second test was made in the following manner: White clover plants 
infected with each virus were caged sepai’ately. One hundred healthy 
aphids were placed in each cage and allowed to feed 2 days. The aphids 
from each cage were then transferred separately to 25 individually caged, 
healthy Dwarf Telephone peas, 4 insects being placed on each plant. All 
insects were killed after a feeding period of 11 days and the plants removed 
to a greenhouse for observation. No symptoms of disease developed. As 
a further check on these plants, a portion of leaf tissue was removed from 
each plant of each lot, macerated together, and tested for virus by mechani- 
cal inoeulation of healthy peas. These tests also were negative. The possi- 
bility existed that pea-wilt virus was present without showing symptoms of 
disease ; in this event no streak would have appeared if pea-mottle virus had 
been absent. To test this possibility, leaf tissues from each pea plant in 
the pea-wilt-virus series were macerated together and pea-mottle virus was 
added to the plant juice. This mixture was used to inoculate healthy peas. 
Symptoms of pea-mottle developed in the inoculated plants instead of 
streak, which would have resulted if both viruses had been present in the 
inoculum. It is concluded from these results that the pea aphid was not 
a vector of these viruses. 

PROPERTIES OP THE VIRUSES 

Thermal Inactivation, Plants infected with each virus were ground 
separately in a sterile meat chopper, and the juice was extracted by passage 
through two layers of cheesecloth. The juice was placed in tightly stop- 
pered test tubes (7 x70 mm.) and completely immersed for 10 minutes in 
an electrically heated water bath. The water was stirred constantly by 
means of a stirring rod attached to an electric motor and the temperature 
was automatically controlled within zt 0.2° C. of the desired temperature. 
After a lO-minute immersion the test tubes were immediately plunged into 
ice water, and the cooled cell extract was used to inoculate healthy plants. 

Infected plants of Dwarf Alderman, Dwarf Telephone, and Potlatch pea 
served as source plants for the viruses, and healthy plants of the same varie- 
ties were used as test plants. Between 15 and 20 plants were inoculated 
with each sample and each test was conducted on 3 different occasions. 
Attempts were also made to use eowpea and mung beans as test plants for 
measuring activity of the pea-wilt virus, but with erratic results. There- 
fore, in order to test for pea- wilt virus in heated samples, a small amount 
of pea-mottle virus was added to each sample after it had cooled. The test 
plants reacted by production of mottling symptoms when only the pea- 
mottle virus was present, but by production of streak when pea-wilt virus 
was also present. It was found that pea-mottle virus was inactivated by 
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exposure for 10 minutes to a temperature of 60-02'" wliercas pea-wilt 
virus was iuaetivated by exposure to a temperature of bS-OO"' ('. 

Tolerance to Dilution. Infeetious plant juiee was extraeted. ns pi-eyi- 
ously reported, and diluted with distilled water in vaiyinu pi-opurtiinis up 
to 1 part in a million. Fifteen to 20 Dwarf Telephone [teas were inocu- 
lated with each diluted sample. Pea-mottle virus was still inU'etions at a 
dilution of 1:10,000, but not 1 .- 100,000, while pea-wilt virus was recovered 
at a dilution of 1 : 100,000 but not 1 : 1,000,000. 

Resistance to Aging. Bxpres.sed plant juiee from plants iidVeted with 
each viriis was stored separately in stoppered bottles at room temperature 
(about 25° C.) and used as inoculum for 18 to 20 Dwarf Telephone peas. 
Inoculations were made at 3-day intervals for 3 successive times- subse- 
quent inoculations v'ere made at irre-ular intervals up to 31 <iays aftm- 
extraction. Both viruses withstood afrin<>: in vitro fur 31 days. Xtuther 
virus was tested for resistance to aging for longer than this iieriod. 

Pea plants infected with pea-mottle virus, pea-wilt virus, and broatl bean 
leaves infected with Zaumeyer and Wade’s pea virus 2 were <Iried at room 
temperature, held in separate stoppered bottles, and tested for their resis- 
tance to aging in dried host tissue. The first inoculation with the dried 
material was made 7 days after the plants were cut. at which stage the plant 
tissue was thoroughly dry. A small amount of the dried material was 
soaked with a few drops of tap vmter in a sterile mortar, macerated and the 
plant extract used as inoculum for either Dwarf Alderman or Dwarf Tele- 
phone peas. Inoculations were made at 3-day intervals for 3 successive 
times, after which ttey %vere made at irregular intervals. It was found 

that all the tested viruses withstood aging in dried plant ti.ssue for at least 
ul days. 

FitteraMity. Pea plants infected with eacli virus were separateh- 
ground in a meat chopper and the juice was passed through 2 lav.-rs of 
cheesecloth, after which it was centrifuged for 15 minutes at 3300 R P M 
Ihe liquid was decanted and filtered through a layer of medium-size (.h-lite 
before passage through a Berkefeld W filter. A 1 cc. sample of the filtered 
poa juice from each series of plants was added to laboratory broth and thus 
s own 0 be free from contamination; subsequently, portions of the filtered 
plant juice were used as inoculum for 20 to 25 Dwarf Teleiihone pea phiuts 
In one test, infection was obtained in all jilants inoculated with filtered pea- 


Virus 

Thermal 

Tolerance 

RcsistaiU'C to nghi^y 

I .Pilt(‘r- 

: ability 

inaetivation 

to dilution 

in viti'o 

in dry luist 
tissue 

Pea-mottle virus ...... 

Pea-wilt vii-us 

60-62° 0. 

58-60° C. 

1: 10,000 

1:100,000 

At least ! 

31 days i 
At least' ; 
31 days ; 

At least 

31 days 
At least 

31 days 

+ 
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wilt juice, but no plants became diseased when inoculated with pea-mottle 
filtrate. In a subsequent experiment it was showui that pea-mottle virus 
passed a Berkefeld W filter and infected inoculated plants. These results 
prove that both pea-wilt virus and pea-mottle virus pass Berkefeld W filters. 

The physical properties of the twu viruses are summarized in table 2. 

DISCUSSION 

Tlie fact that Trifolium virus 1 has proved to be a mixture of twm viruses 
was not altogether unexpected, having* been suggested by Zaumeyer and 
Wade (25), who found that the so-called Trifolium virus 1 produced two 
types of symptoms on many bean varieties. In addition, they reported two 
different temperatures of virus inaetivation and suggested that two viruses 
might be involved. They, however, did not separate the suspected eon- 
stituents from the mixture. Pierce (13) found a mosaic infected red-clover 
plant in the field, the juice from which produced streak when transferred 
to pea. Inoculations of small-seeded broad bean with juice from the in- 
fected red clover resulted in local, necrotic lesions on inoculated leaves fol- 
lowed by a systemic mottling. When extract of the mottled tissue of broad 
bean was used to inoculate peas, only a mild mottling developed. Pierce 
considered the mottling virus to be identical with the one he previously had 
described and named bean virus 2, w^hile the virus that produced local lesions 
in broad beans was named broad-bean local-lesion virus. Little is knowui 
about the latter virus and its reactions in pea. Pierce, however, suggested 
that wdien the mottling virus and broad-bean local-lesion virus ware com- 
bined and used to inoculate pea, streak would be induced, but he cited no 
definite experimental evidence for this conclusion. It is believed that Pierce 
and the w^riter probably worked with the same virus complex, since the 
wu’iter’s original material was collected near Pullman, Washington, a few 
miles fi’om the locality wdiere Pierce found his infected red clover. This 
belief is supported by the fact that pea-mottle virus produces a faint mottle 
in broad beans, wdiile pea-wilt virus causes the production of necrotic ring- 
spots in the same plants (Fig. 2, C, e, d). However, bean virus 2 of Pierce 
wms reported to be non-inf ectious for white clover and alfalfa and also dif- 
fered from pea-mottle virus in its resistance to aging in vitro and in its 
tolerance to dilution, thus suggesting that the two viruses are different. 
The writer believes that Piercers evidence for considering that bean virus 2 
w^as a component of his red clover virus complex was inconclusive, since it 
was based only on his observations of the symptoms produced in Stringless 
Refugee Green beans by his broad-bean mosaic virus. It is the waiter's 
belief that Pierce had the virus complex in red clover that has been classified 
by Weiss (18) as Trifolium virus 1, but that is shown in this paper to con- 
sist of twm separate viruses. Pea-mottle virus is similar to the virus that 
Pierce found to become systemic in broad bean and that produced a mottling 
in peas, whereas the pea-wilt virus of the writer is prabably closely related 
to Pierce’s (13) broad-bean local -lesion virus. 
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Pea virus 2 of Zaumeyer and Wade {25j resembles ].ea-iu<>ttle virus in 
the symptoms it j»rodiiees on many pea and bean varieties. A further simi- 
larity between Piese two viruses is tlieir resisiau<-e to di-yiti,n in Imst tissue. 
Other similarities between the two viruses (-an be round in tiieir suscent 
idnge, althoufi’h they (lifter soiiu'wlial in this ri'spis't. Oiu' point of iliflVr- 
ence between pea virus 2 ;nid pi'a-mottle virus is tlie fact tliat p(‘a virus 2 
doe.s not imaluee streak in peas when fraiistVrn'd t(( tlu'se plants in conn 
biiiation witli tlie pea-wiit virus dist'UssiHl in this paper. 

^ Severe pea-mo.saie virus invviously described (6) resembles pfui-mottle 
virus on the basis of sii.seept range, longwify in vitm and dried ti.ssue tol- 
erance to dilution, and beat iiiaetival ion. This siigirests that these' two 
viruses may be relattal. 

Since It was shown that p('a-mottle virus was inlVctious for plants in o 
different families, the qiu'stion aris(‘s whether this virus is not related to 
one of the strains of eiieumher-mosaie virus that have been found infeetim.- 
peas (20, 23). Whipple and Walker (20) have shown that 2 eiieumh.n- 
viruses are mfeetious for a large number of plants in several jilant familie.s 
including peas and other legumes. Pea-mottI<« virus has failed to infect 
corn (Ze« mayn L ), .inuia {Zinnia elcyans daeip). or solanaeeous plants 
which are generally considered su.seeptible to infection with euenmher- 

by Whipple and l^alker in peas, beans, and cueuiiibers differ from those 
produced by pea-mottle virus. 

the^n* trueWhat pea-mottle virus was infectious for plants in 

the Caryophyllaeeae, Chenopodiaeeae, C'lieiirbitaeeae, Serophulariaeeae 
and Leguminosae whereas pea-wilt virus was infeetioms onlv for plants in 
the Leguminosae, but also, in all eases where plants were sns;eptible to ho h 
viruses a more severe disease was produced by pea-mottle 4,is than bv 

pea-wilt virus, except in the case of wliite clover, where .similar svmntonm 
were produced by both. symptoms 

The evidence at hand points to the couelusion that the two viruses dis 
eusseii in this paper are distinct from each other and that thev sliow elrn-ie 
tensties that dhstingiiish them from any of the viruses i vv h J " 
scientific names according to the system of nomenclature on lined hv me 

% “ with this .system, pea-mottle virus mav be r.fferrell To 

as 3Iannor cffiacnn n. .sp., from Latin efficient meaning effective in refer 

tWinl litv of tins virus to cause mottling in peas in eon’trast with 

varieties of lrb7f symptoms in tested 

eties of this host other than Alaska and Canada White Probabm 

synonyms are: broad-bean-mosaic virus of Pierce 1131 J ; 

unlooted .he p„«pe4ed LltrorCLdl “““ 
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the original complex. Broad-bean loeaUesion virus of Pierce (13) may be 
considered as a probable synonym. 


It has been shown that white-clover mosaic, a disease previously regarded 
as caused by a single virus classified as Trifolium virus 1, was actually in- 
duced by a mixture of twu distinct viruses : namely, pea-mottle virus and 
pea-wilt virus. Their separation was accomplished because pea-mottle virus 
alone was transmitted by dodder (Cusciita eampestris) , while pea- wilt virus 
infected cowpea (Yigna sinensis) ^ a plant resistant to pea-mottle virus. 

When pea-mottle virus in combination with pea-wilt virus was trans- 
ferred to peas, streak was produced and resulted in death of the plants in 
a manner similar to that produced by the Trifolium virus 1 complex. 

Pea-mottle virus alone produced a systemic mosaic disease when trans- 
ferred to several pea varieties, and was infectious for plants in the Caryo- 
ph^diaceae, Chenopodiaceae, Cucurbitaceae, Serophulariaceae, and Legu- 
minosae. In the tests conducted, pea-wilt virus was infectious for plants 
in the Legiiminosae only, and produced no mottling in pea varieties, except 
Alaska and Canada White, where a very mild mosaic was produced. In 
general, plants infected with pea-mottle virus were more severely affected 
than when similar plants became infected with pea- wilt virus. No intra- 
cellular inclusion bodies could be detected in plants infected with either 
virus, and no virus transmission was obtained by allowing the pea aphid 
{Maerosiplmm pisi) to feed on infected and healthy pea plants in succession. 

Pea-mottle virus was inactivated by exposure for 10 minutes to a tem- 
perature of 60-62° C., whereas pea-wilt virus became inactive between 
58-60° C. Pea-mottle virus was recovered in a dilution of 1 : 10,000 in 
water, and pea- wilt virus in a dilution of 1 : 100,000. Both viruses with- 
stood aging in vitro and in dried host tissues for at least 31 days and were 
filterable through a Berkefeld W filter. 

The name Marmor efficiens n. sp. is suggested for pea-mottle virus and 
M. repens n. sp. for pea-wilt virus. 
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NEW PHYSIOLOGIC RACES OP TILLETIA TRITICI 
AND T. LEVIS^ 

G. S. Holton and H. A. Rodenhisers 
(Accepted for publication May 25, 1941) 

INTRODUCTION 

In a previous paper the writers (9) discussed the status of physiologic- 
race identification in TilleUa tritici (Bjerk.) Wint. and T, levis Kiihn and 
emphasized the need for a standard system on which to base the identifica- 
tion of races, particularly as related to the breeding and distribution of 
resistant varieties of wheat in the United States. At that time 11 races of 
T, tritici and 8 of levis were classified on the basis of the resistant (R), 
intermediate (I), and susceptible (S) reaction of certain winter- and spring- 
w^heat varieties. Since the publication of that paper, additional collections 
nf T. tritiei and T. levis trom all of the principal wheat-growing States have 
been tested and 5 additional races of these fungi have been identified and 
numbered, consecutively, in accordance with the original system. Also, 
studies and observations have been made on race-differentiating characters 
other than pathogenicity. The results of these studies and the extended 
race classification are here presented. 

MATERIALS AND METHODS 

All of the previously classified physiologic races of Tilletia tritiei and 
T. levis (9) and many collections of both species obtained from commercial 
wheat fields in the principal wheat-growing sections of the United States 
were used in these studies. The differential varieties were the same as those 
used in the former studies (9), except that Martin (C.I.^ 4463) and White 
Odessa (C.I. 4655) were added to the winter-wheat group, and Mindum 
(C.I. 5296) was omitted from the spring-wheat group. Hybrid 128 was 
used throughout as a susceptible winter-wheat check. 

The tests on winter wheats were made at Pullman, Washington, and 
those on spring wheats at Bozeman, Montana. In 1940 an additional 
nursery w^as grown at Aberdeen, Idaho. The previously described (9) 
technique for conducting the experiments and analyzing the data for race 
identification was employed in these studies. Race differentiation by means 
other than pathogenicity is mainly a matter of observation, and any special 
techniques used in this phase of the investigations are described along with 
the presentation of results. 

1 Cooperative investigations of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, IT. S. Department of Agriculture, and the Agricultural Experiment Sta- 
tions of Idaho, Montana, Oregon, Utah and Washington. 

2 Associate Pathologist and Pathologist, respectively, Division of Cereal Crops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agriculture. 

3 G.L denotes accession number of the Division of Cereal Crops and Diseases. 
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EXPERIMENTAL RESULTS 

New Physiologic Races 

Three new races of TiUetda, t7^itiGi and 2 of T. levis have beini itleiilificMi 
on the basis of results obtained from pathogcaiieity tests made during 
4 yeai's, 1937-1940. The j>m’centages of infection obtained on the differ- 
ential varieties with these races each year are summarized in ta!)Ie 1; a!id 
the reaction of the differential varieties (liost testers) to tliesi^ races and 
those previously classified is shown in table 2. Although the idcmtity of 
the new races is based primarily on the reaction of tlie ■winter wheats, some 
of them differ also in pathogeneity on the spring wheats. As sh«)\vn in 
tables 1 and 2, T-12 is differentiated by the susceptibility of Ilohcmiueimer, 
Albit, and White Odessa, and the intermediate reaction of Martin. Tliis is 
the only race that infects all of these varieties. Race T-13 is difixn-entiated 
by the susceptibility of Bidit, Hussar, Albit, and Wliite Odessa, ami, like- 
wise, this is the only i^aee that infects all of these particular varieties 
{Tables 1 and 2). On the other hand, T-14 is differentiated by the sus- 
ceptibility of Albit and White Odessa only (Table 2), whereas ail tiie other 
races that infect these two varieties also infect one or more other varieties. 
The identity of L-9 is based on the susceptibility of Ridit and Albit, while 
L-10 is differentiated by the intermediate reaction of Ridit (Tables 1 and 2). 
In this analysis it is notable that four of the new races can be identified by 
the reaction of the host testers used in previous studies, wdiile the identity 
of one of these races (T-~14) necessitates the use of Martin and Wliite Odessa 
also. 

As shown in table 1, there was some degree of variability in the patho- 
genicity of the new races in the different seasons. Relatively low percent- 
ages of infection were obtained in 1938 with T-12, T-13, T-14, and L~-9, 
due, apparently, to unfavorably high temperature during the infection 
period. Percentages of infection with these ratfes in tliat yeai* are, therefore, 
omitted from the averages. Apparently, these conditions did not affect the 
virulence of L-10, and the percentages of infection with tliis race are in- 
cluded in the averages. 

These data support Aamodt^s (1) suggestion that there are diffierenees 
in the optimum temperature requirements for infection by different ratals. 
Generally, however, relatively low temperature favoi*s infe(dion by the bunt 
fungi; and, with the exception referred to, there is a notable consistency 
in the reaction to the races shown in table 1, particularly of the varieties 
that identify the various races. Fnr example, the identity of T-12 is based 
on the S reaction of Hohenheimer and Albit, and the percentage of infection 
on both varieties is well within that infection class each year. In the case 
of T-13, which is identified by the S reaction of Ridit and Albit, the per- 
centages of infection on Albit are well wuthiii that infection class, wiiile on 
Ridit they are just slightly above the minimum for the susceptible class. 
Nevertheless, it seems noteworthy that for three consecutive years the S 
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TABLE 2. — Seaetion of physiologic races of Tilletia tritici and T. levis io Ike differ- 
cntial varieties 
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a B = Resistant (0-10 per cent infection); I = Intermediate (11-40 per cent infec- 
tion) ; S= Susceptible (41-100 per cent infection). 


reaction on Kidit was maintained by a slight margin. The S reaction of 
Albit and White Odessa and the K reaction of Martin, Hussar, and Rid it 
differentiates T-13 from the other races j and the pei*centages of infection 
produced by this race, shown in table 1, are well within their respective 
classes. 

Slight discrepancies are apparent in the r-esults with Ij-9, which is identi- 
fied by the S reaction of Ridit and Albit. The percentage of infection on 
Ridit was slightly below the minimum for the susceptible infection class in 
1939 but well above the minimum in the other 3 years. Also, the reaction 
of Hussar, although not important in the identification of this race, aver- 
aged intermediate (I) over a 3-year period but was susceptible (S), in 1940. 
These results, and those obtained with other races, indicate that the inter- 
mediate (I) reaction class is highly variable and, consequently, may not be 
entirely reliable in race identification, particularly when the percentage 
of bunt usually obtained is near the minimum or the maximum for this class. 
Nevertheless, there is a definite intermediate reaction, as exemplified by T-9 
on Hohenheimer, which it seems desirable to recognize, even though several 
years’ results may be required to establish such a reaction. 

The original source of the inoculum of each of the 5 new races of Tilletia- 
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tritici and T. levis is shown in table 3. It will be noted that T-12 came from 
Oregon, T-13 and L-10 from Washington, and T-14 and L-9 from Idaho. 
The original source of T-13 is of particular interest and is described later 
in this paper in discussing the stability of physiologic races. 


TABLE 3 . — Originol source of the inoculum of the five new races of Tilletia tritici 
and T, levis 


Species 

Collec- 

tion 

No. 

Pace 

No. 

Source 

Tilletia 

tritici 

268 

T~12 

From a cominereial wheat field in Umatilla Co., Oreg. Col- 
lected in 1934 by J. F. Martin who made preliminary 
tests in 1935 and 1936 on the differential hosts at the 
Pendleton Field Station, Pendleton, Oreg. 


329 

T-13 

k. selection of T-11 from the variety Albit in the physi- 
ologic race nursery at Pullman, Wash., 1937. Collected 
by C. S. Holton and H. A. Rodenhiser. 


1 334 

T-14 

From a commercial wheat field near Cottonwood, Idaho. 
Collected in 1936 by W. M. Bever who made preliminary 
tests on the differential hosts at the Idaho Agricultural 
Experiment Station, Moscow, Idaho. 

Tilletia 

levis 

331 

L- 9 

From a commercial field of Ridit near Lewiston, Idaho. 
Collected in 1936 by C. S. Holton. 


92 

L-10 

From an increase plot of Ridit on the Washington Agricul- 
tural Experiment Station, Pullman, Wash. Collected in 
1932 by C. S. Holton. 


Distinguishing Characters of Physiologic Races 
Other than Pathogenicity 

It is recognized that physiologic races of Tilletia tritici and T. levis 
may exhibit differences in characteristics other than pathogenicity. These 
differences, which may be either morphological or physiological, include 
such characteristics as size and shape of bunt balls, size of chlamydospores, 
prominence of spore wall reticulations, spore size and color, relative capacity 
for stunting the host, and the tendency for partial smutting of the wheat 
spikes. Studies have been made of these characters of some or all of the 
I’aces now recognized and the results are here presented. 

One of the principal secondary criteria for distinguishing between races 
of the bunt fungi is characteristics of the bunt balls. The bunt ball char- 
acteristics of the 24 races of Tilletia tritici and T. levis on both spring and 
winter wheat varieties listed in table 2 were studied. Noteworthy differences 
in size and shape of the bunt balls were observed in certain races but none 
of these was essentially different from those reported by other workers 
(3,4,6,12). 

Bunt balls of different physiologic races may differ also in hardness and 
in rate of water absorption. Those of the so-called dwarf bunt are char- 
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acteristieally small, hard, and almost spherical (15). Usually, individnal 
bunt balls of this race are sufficiently hard to be difficult to crush with the 
fingers. The chlamydospores, however, appear very dry and powdery in 
contrast to the oily nature of those of other races. This difference probably 
accounts for the rapidity with which the balls of the dwarf bunt absorb 
water. Repeated tests have shown that the pericarp ruptures and the 
spores are exuded, almost invariably, within a few minutes after bunt balls 
of this race come in contact with water, while those of other races require 
from several hours to several days to rupture and exude spores, unless 
their pericarps are cracked. In tests with 100 bunt balls of each of 6 races 
of Tilletia approximately 75 per cent were intact after 18 hours. 

During this time the average weight of each bunt ball had more than doubled 
due to absorbed water. In similar tests with the same number of bunt balls 
of each of four races of T. levis approximately 90 per cent of those of each 
race were intact at the end of 18 hours, and the average weight of each was 
more than doubled by water absorption. In tests with many balls of the 
dwarf bunt, represented by specimens from different localities, the majority 
broke within 2 or 3 minutes and only one was observed that required longer 
than 10 minutes for the pericarp to break after coming in contact with 
water. In this case, 58 minutes elapsed before the spores began to exude. 
Obviously, therefore, the dwarf bunt race of T. tritici is distinctly different 
from other races of this species and of T. levis in respect to water-absorptive 
properties of the bunt ball. The exact nature of this difference has not been 
determined ; possibly it is connected with a difference in the oil content of 
the spores. 

Prominence of the reticulations of the chlaniydospore walls and size of 
the chlamydospores are two of the more common morphological characters 
by which physiologic races of the bunt fungi may be distinguished. Such 
differences have been reported by several investigators (3, 6, 12, 15). The 
writers also have observed that some of the races studied differ in these 
characteristics. For example, chlamydospores of T-8 appear almost smooth, 
because of their extremely shallow reticulations, whereas those of the dwarf 
bunt seem spiny because of their prominent reticulations. Intergrading 
types, also, exist, typically represented by the reticulations of T-9 and T-10, 
thus completing a series from the T~8 type to that of the dwarf bunt. Ap- 
parent differences between reticulations of the spores of othcB^ races have 
been observed, but, because of the intergrading types, finer distinctions than 
those described above usually cannot be made with certainty. Similar dif- 
ferences were observed by Gassner (5) who established Tilletia tritiei var. 
intermedia on the basis of the intermediate character of the reticulations 
of the chlamydospores. Spore size is considered to be of limited value in 
distinguishing between races of the bunt fungi. Usually measurements of 
many spores are necessary so that statistical analysis may be applied in 
order to show significant differences. Differences in spore size among dif- 
ferent races have been demonstrated by several workers (6, 11, 13). The 
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writers measured the diameter of 100 ehlamydospores of each of 12 races 
of Tilletia h^itici and 8 of T. lems. In the former species the diameter 
of the spores ranged from averages of 17.1 [x in T-3 to 19.7 g in T-10. In 
T. levis the average spore diameters ranged from 16.3 p in L-1 to 17.5 p 
in L-7. These data indicate that the spores of the T. levis races, on the 
average, are smaller than those of the T. iritici races. Obviously, therefore, 
some races of the bunt fungi differ in size of ehlamydospores; for the most 
part, how^ever, these small differences cannot be used to any particular 
advantage in the differentiation of races. 

Chlamydospore color, also, is recognized as a possible means of distin- 
guishing between races of Tilletia tritioi and T, levis. On this basis Spangen- 
berg and Gutner (13) described 4 races of T. iritici and 3 of T. levis. In 
the former species the ehlamydospores were classified as dark-brown, light- 
brown, typical, and whitish-brown, while in the latter they were classified 
as dark-brown, light-brown, and greyish-brown. In studies made by the 
writers on 25 races of both species, it was found that, in general, the spores 
of T. levis were of lighter color than those of T. iritici. One race of T. levis 
(L-4, represented by Collection 250 from Griffin, Ind.) was observed to 
have spores conspicuously lighter in color than all of the other races. But 
with this exception, race differentiation on the basis of spore color was 
unsuccessful. 

Physiologic races may differ also in their ability to stunt the host, as 
shown by other investigations (6, 8, 15) and by the writers. Previously (6), 
it was reported that T--9 and T-10 differed in their capacity for stunting 
Hybrid 128 and Hohenheimer. Subsequent observations have confirmed 
this. Also, collection No. 258 of Tilletia iritici, which has about the same 
pathogenicity as T-1, is readily distinguished from T-1 and other races 
by its ability to stunt Hybrid 128 and Ulka. Dwarf bunt causes the greatest 
stunting of any known race. Differences, also, were observed in the stunting 
caused by T. levis, notably L~8. Race identification by this means, however, 
is limited to the extreme types cited above. 

Studies also were made to determine whether reduction in height results 
from reduction in length of the internodes, as reported by Barrus (2) and 
Mourashkinsky (7), or in number of internodes, as found by Viennot- 
Bourgin (14). The results of these studies are presented in table 4. It 
will be noted that there was no significant difference in the number of 
internodes on infected and bunt-free plants of the same variety. Marked 
differences were exhibited, however, in the internode length of infected 
and bunt-free plants. In Hybrid 128, the internodes of the bunt-free plants 
averaged 17.2 cm. in length, while those of plants infected by T-13 and 
collection No. 258 averaged 12.8 and 6.9 cm., respectively. With Albit 
and Triplet, comparable results were obtained. Thus, in these varieties 
reduction in height of plants infected by these races is attributable to 
shortening of the internodal length, which agrees with the results reported 
by Barrus (2) and Mourashkinsky (7). 



fewer bmt balls than sound kernels, the respective percentages being 60.1 

although 21.9 per ceni 

of the heads were infected, only 8.7 per cent of the kernels were destroyed 
Sunilar results were obtamed with T-8 on Hosar (Table 5). Both of these 
races produced only totally-smutted heads on Hybrid 128 

The pathogenicity of collection No. 13 of Filletm trim on the dif- 
erential varieties places it in the category of T-9, but its incomplete smut- 
ting proclivity on Hohenheimer readily distinguishes it from that race 
which produces totaUy smutted heads on this variety 

Two other criteria for the separation of races of the bunt fungi are 
lecognized. One of these is the capacity to intensify the purple pigmenta- 
lon in the glumes of Dlka. This is especially true of T-8, T-10, and T-11 
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Incomplete smutting of infected heads also may be a distinguishing char- 
acteristic of physiologic races. Collection 13 of Tilletia tritici and T-8 
both exhibit this phenomenon on Hohenheimer and Hosar, respectively. 
A summary of the data obtained from a study of heads partly smutted by 
these two races is presented in table 5. On Hohenheimer, infected by col- 
lection No. 13, 90.4 per cent of the infected heads were partly smutted and 
only 9.6 per cent totally so. Usually there were only one or a few bunt 
balls per head. Different degrees of incomplete smutting of Hohenheimer 
by this race are shown in figure 1. For the most part, however, there were 
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TABLE 4. — Average num'ber and length of iniernodes in dunt-free and infected 
culms of three varieties of wheat 


V ariety 

Race 

Number of 
culms 

Internodes 
per eulm 

Length of 
internodes 




No. 

cm. 

Hybrid 128 

T-13 

100 

5.8 

1 12.8 


Collection 258^ 

100 

5.5 

6.9 


Bunt-free 

100 

5.8 

17.2 

Albit 

T-13 

100 

5.8 

13.7 


Bunt-free 

100 

5.7 

16.9 

Triplet 

Dwarf bunt 

124 

4.6 

7.6 


Bunt-free 

95 

5.0 

18.3 


a Collection No. 258 of Tilletia tritici. No race number bas been assigned. 

TABLE 5.— Summary of data on incomplete smutting caused hy two physiologic 
■races of Tilletia tritici on two wheat varieties 


Variety 


Smutted 

Heads smutted 

Kernels 

Smutted 


heads 

Partly 

Totally 

Sound 

Smutted 

Heads 

Kernels 



Number 

P. ct. 

P. ct. 

P. ct. 

P. ct. 

P. ct. 

P. ct. 

Hohen- 

heimer 

(G.L 

11458) 

Coll. 13a 

104 

90.4 

9.6 

60.2 

39.8 

21.9 

8.7 

Hosar 

(O.I. 

10067) 

T-8 

113 

. 95.0 

5.0 

62.8 

37.2 

43.1 

i i 

16.0 


a Collection 13 of Tilletia tritici. No race number has been assigned. 

and to a lesser extent T-S and T-5. Only race 9 of Tilletia levis expressed 
this characteristic. The other criterion is the capacity to cause excessive 
tillering of infected plants. This is particularly characteristic of the dwarf 
bunt race (12) . Although definite counts have not been made of the number 
of tillers produced on plants infected by this and other races, enough ob- 
servations have been made under different environmental conditions and on 
different varieties to establish the fact that this race is clearly different in 
its capacity to stimulate excessive tillering. 

STABILITY OP PHYSIOLOGIC RACES 

In the bunt fungi the term physiologic race is used to designate 
chlamydospore populations that differ from each other clearly, and fairly 
consistently, in one or more ways, but mainly in pathogenicity. Variability 
in the pathogenicity of a race may result either from environmental influ- 
ence on the host or pathogen (1, 10) or from changes in the genetic con- 
rstitution of the chlamydospores. Since the chlamydospores are diploid, 
considerable variation may possibly occur in one or more of the differen- 
tiating characters in succeeding generations, unless the spores are homozy- 
:gous, in which case variability might arise as a result of mutation. This 
:is an important consideration in race classification, as the identification of 
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new races is contingent upon a relatively high degree of constancy in the 
characteristics of known races. The writers have attempted to determine, 
insofar as is possible, the stability under field conditions of the physiologic 
races of Tilletia tritici and T. levis classified in table 2. 

Lack of purity in chlamydospore populations of Tilletia tritici and 
T. levis may be due either to mechanical mixture, in which case genotypically 
different chlamydospores would be included in one collection, or to hetero- 
^gosity of the spores, resulting from hybridization. Obviously, mechanical 
mixtures make hybridization possible, and a heterozygous condition may 
result. In race identification, either condition is a complicating factor 
that might be obscured for a number of years. Fortunately, this factor 
apparently is not often encountered, as is indicated by the fact that almost 
all of the races identified by the writers have remained remarkably con- 
stant in pathogenicity on the winter-wheat differential varieties for several 
years in tests at Pullman. However, at least one race, T-ll, was not con- 
stant (Table 6). This race is characterized by the susceptibility (S) of 
Ridit and the resistance (R) of the other winter- wheat differential varieties 
(Table 2). The typical reaction was obtained in 1935, but, in 1936, the 
percentage of infection on Albit was slightly above the upper limits of the 
resistant (R) class; and, in 1937, there was a further increase in virulence 
on Albit and also on Hussar. Studies were undertaken to determine whether 
the apparent change in pathogenicity of T-11 was attributable to mechanical 
mixture with another race, to a change in the genetic constitution, or to the 
influence of seasonal differences in the environment. 

In 1937, inoculum was taken from Ridit, Albit (Collection 329), and 
Hussar (Collection 330) and used to inoculate the winter-wheat differ- 
ential varieties. Although the infection percentages for 1938 were rela- 
tively low, because of unfavorable conditions for infection, they indicated 
that 2 distinct types of pathogenicity were represented in the 3 collections. 
Again, inoculum was taken from the 3 varieties, as indicated above and 
shown in table 6, and tests were made in 1939. The results show clearly 
that T--13, a new race, characterized by the susceptible (S) reaction of 
Ridit, Hussar, and Albit, was separated from the original T-11. The reac- 
tion of the differential varieties to T-13 was the same in 1940 as in 1939. 
Its contrast to the T-11 reaction is shown by the results obtained with 
inoculum of T-11 from another source. 

The exact origin of T-13 cannot readily be explained by the data at 
hand. It appears, however, that the change was of a genetic nature, due 
either to segregation of factors for pathogenicity in heterozygous spores of 
the original T-11 or to mutation. 

■ ' DISCUSSION 

The importance of physiologic specialization of Tilletia tritici and T. levis 
as a factor in the problem of control of bunt of wheat through resistant 
varieties is too well understood to require elaboration here. Obviously, 
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lowever the identification of new races has a direct relation to the com 
plexity of this problem. For example, prior to the identification of T-12 

both Albit and Hohenheiiner was known’ 
although each of these varieties was susceptible to other races. Therefore’ 
a cross between these two varieties might have been expected to produce 
that b. redaunt to .11 lotown raeee. The 

T-12 however, ehm.nated that eipectation becanae of the common U 
»pt,bd.ty ot Albit and Hohenhehner to this race. Similarly, Albit and 
Ktdit are now loioim to have common snsceptibility to races T-ls and L-9 
Whereas, formerly, this situation was not recognized. In other words an 
merease in the number of known races serves to reduce the nZbe; of 
combinations of apparently highly bunt-resistant varieties Conselentlv 
.t seems desirable to identify and recognize the gTeaterpossreTuI 
of existing races of T. tnhci and T. levis and thereby enhance the production 

of varieties with the highest possible resistance. ^be production 

physiologic races of the bunt fungi by criteria, 
her than pathogenicity seems to have limited application insofar as tbp- 

geiiieity of a race k Ka a-p i ^ words, if the patho- 

dcd Jea, it sho^d r. „ 1.Z“ ZZ7S- 

variability in pathogenicity and^tlThlctrorr'’’'*^ 
expected, unless the orivinsl inlt i ^ given race might be 

dealing with the large number of ^ consisted of homozygous spores. In 

In this ease a new race fT (T^H) failed to maintain its identity. 

is evidence thatThe 11’'“ I™" “ ■■■>» -d tb.rc 

the origin of T-13 probably was diiZZ already pointed out, 

.enieity in heterosylna lrror” m„t7~ '*“»• 

It would seem from these results with T-ll tbnt . ' 

be essentially pure throughout a series of tits and then b' 

or more races. break up into two 
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SUMMARY 

Five new races of Tilletia tritici and T, levis are described and num- 
bered, thus bringing the total number of known races to 24, 14 of the former 
and 10 of the latter species. 

Some of the races of Tilletia tritici and T, levis are distinguishable by 
one or more of the following criteria, other than pathogenicity: bunt-ball 
size, shape, and water absorptive properties ; chlamydospore size, echinula- 
tion, and color ; capacity to stunt the hosts and to stimulate excessive tiller- 
ing of infected plants; incomplete smutting and capacity to intensify pig- 
mentation of the glumes. 

Race T-ll gave rise to T--13, one of the new i^aces, thus indicating that 
some races are pathogenically unstable. Most of the races, however, proved 
highly stable in the tests on winter wheats at Pullman, Wash. 

Bureau op Plant Industry, * 

U. S. Department OF Agriculture, 

Washington, D. C. 
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PHYSIOLOGICAL STUDIES ON TWO SPECIES OF 
DIPLODIA PARASITIC ON CORN’^ 


William E. Wilsons 
(Accepted for publication June 6, 1941) 

INTRODUCTION 

The two species of the genus Biplodia that occur most commonly on 
corn, Zea mays L., are D. zeae (Schw.) Lev. and D. macrospora Earle. 
Macroseopically, these fungi are very similar; but there is a mai'ked dif- 
ference in the size of the pycnospores, the spores of D. macrospora measur- 
ing 70-80 X 6-8 _u, while those of D. zeae measure 25-33 x 5-6 p. In con- 
teast to the morphological resemblance of the fungi and the similarity 
in appearance of decayed corn ears, the organisms exhibit distinct physi- 
ological differences. In all their contrasting characters, at least in this 
country, D. zeae seems the more vigorous. The two fungi also differ 
greatly in geographical range. D. zeae apparently occurs wherever corn is 
grown and causes considerable damage to the crop as a stalk and ear rot and 
at times as a seedling blight. In the United States D. macrospora has been 
reported chiefly from the southeastern states of Florida, Louisiana, Alabama 
North Carolina, South Carolina, and Tennessee (10). B. macrospora also 
has been found in Brazil, Argentine, and Africa (7, 10, 20) . 

Both Miss Johann (7) and Miss Kinsel (8) have reported that Biplodia 
zeae grows more vigorously on synthetic media than does B. macrospora. 
Stevens^ (18) found that B. zeae grew faster in culture at all temperatures 
permitting growth of the two fungi. Apparently, B. macrospora cannot 
^mpete with B. zeae when the two are growing upon the same substrate, for 

unable to recover B. macrospora from ears of corn infected 
witn both organisms. 

As a resMt of studies upon various fungi growing in synthetic nutri- 
en ^e la, Miss Kinsel (8) announced that Biplodia macrospora, und&v the 
conditions of her experiment, could not utilize monosaccharides as a source 
of carbon, but grew readily when supplied with di- or polysaccharides. 

ensan ais ( )) using 24 isolates of D. macrospora from the south- 

eastern I^ited States and Argentine, found that the characteristic noted 
by Miss Kinsel was Common to all these isolates, regardless of the source 
of nitrogen supplied. In contrast. Miss Kinsel secured an excellent growth 
of B. zeae on media containing monosaccharides, as well as on solutions 

indkateTtrrn carbohydrates. More recently, Margolin (12) has 
mdieated that B. macrospora makes only a sparse growth when supplied 
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with either sucrose or glucose, unless a needed growth substance is present 
in the medium. H. J. Fuller, in a paper not yet published, found that D. 
macrospora and D. zeae form amylase, invertase, maltase, catalase, and 
peroxidase in essentially the same quantities. It also has been reported that 
neither fungus is stimulated by thiamin ( 12 , 15). 

In order to obtain further information on the physiology of these 
fungi and, if possible, reconcile the somewhat conflicting results reported 
by earlier workers, further culture studies were undertaken with special 
reference to carbohydrate metabolism. 

studies on nutrient media 

The basic medium used in the work described herein was the same as 
that employed by Stevens and Larsh, since these investigators found that 
Diplodia macrospora will grow more readily on this medium than on the more 
concentrated solution used by Miss Kinsel. The materials contained in 
this basic medium were: MgS 04 0.25 g., KH 2 PO 4 0.3 g., KNO 3 2.0 g,, carbo- 
hydrate 30.0 g., and distilled water to make one liter. The original source 
of the inoculum used in these studies was obtained from diseased ears of 
corn kindly furnished by P. E. Hoppe. 

Since it was known that Diplodia zeae could utilize sittiple sugars, as 
well as the more complex carbohydrates, a cheek culture of D. zeae was 
always used in each lot of modified medium tested for its ability to support 
a mycelial growth of D. macrospora. The fungi were grown at room 
temperature in 125 ml. Pyrex flasks containing 50 ml. of medium that 
had been autoclaved at 15 pounds^ pressure for 20 minutes. In most in- 
stances 10 flasks of each medium were inoculated. . 

Bits of dormant mycelium from old cultures were used as inoculum. 
It should be stressed that all inoculum used was brown and showed no 
evident signs of growth. Leonian and Lilly (11) have reported that the 
inoculum had no effect upon the growth of the colony of Fhycomyces 
hlalcesleeamis in culture, but, as will be explained below, our experiments 
indicated that this does not hold for Diplodia macrospora. 

Varied Sources of Inoculum. Inoculum taken from an old dormant 
culture of Diplodia macrospora invariably gave no significant growth on the 
basic medium containing only a simple sugar as a source of carbohydrate. A 
similar bit of such inoculum placed in a culture containing only whole oats 
produced a luxuriant mycelium. Experiment showed that a wisp of the 
mycelium from such a vigorously growing oat culture developed a good 
growth when placed in dextrose medium. It was found that hyphae from 
corn meal agar plates inoculated with kernels of corn infected with D. 
macrospora likewise gave rise to a sparse mycelium when placed in dextrose 
medium. 

Removal of Trace Elements. The importance of minute quantities of 
heavy metals in the nutrition of fungi and the possible role such elements 
may play as limiting factorvS in the growth of fungi have been properly em- 





132 


Phytopathology 


[VoL. 32 


phasized by Steinberg (17) . Trace elements apparently are not responsible 
-or me inability of Diplodia macrospora to utilize simple sugars, for when 
these trace elements were removed from the nutrient solutions by the calcium 
carbonate method of Steinberg (16), slightly revised at his suggestion, it was 
tound that D. macrospora made no growth on dextrose media so treated 
but grew well on treated sucrose solutions. D. zeae formed abundant 
mycelium m solutions of both sugars whether treated or not 

Effects of Char Purification. The passage of a sucrose solution throu-h 
nely ground animal char gave a complete inactivation of the sugar for 
growth oi Diplodia macrospora. Purification of sucrose with Norite like- 
TOse effectively prevented development of this fungus. Other tests showed 
hat a combination treatment of a sucrose solution with both Norite and eal- 
cium carbonate did not prevent the formation of mycelium by D. zeae. 

ffec.s of nvertase Solution. A sucrose culture upon which DipZodm 

macrospora IS growing gives a strong test for reducing sugars when tLted 
with Benedict’s solution. Although it is known that sucrose yields eq^ 
parts of dextrose and levulose when hydrolyzed, experiment eon&med Miss 
Ainsel s observation that no significant growth of D. macrospora resulted 

when the fungus was supplied with equal parts of commercial dextrose and 
levulose as a source of carbohydrate. cxurose ana 

In an attempt to determine the ability of completely inverted sucrose 

330 mrif macrospora, 10 g. of sucrose were dissolved in 

dded, and the solution allowed to stand for several hours at room tempera 
ture. At the end of this time an examination of the solution mZ7oi 
ae polariineter showed the sucrose to be completely inverted AfSrthe 
inversion of the sugar, minerals were added and the medium fla^ d and 
autoc aved. D. macrospora grew well on this solution ardid t .eae 
The addition of an mvertase solution to a glucose medium likewise 
made possible a heavy growth of Diplodia macrospora, which practieallv 
equa led the development of the fungus upon the sucrose wL^rntturJ 

was 470 mf ^ inverted sucrose 

450 mg I’ctir f ^ dextrose-invertase solution was 

+1, + 4 . 1 .^’ • ^ medium containing no other carbohydrate than that 

ottte *5ro»th 

r (Growth of Diplodia macrospora on Media Staled hy Other Funai A 

remove the mycdimo of » Z th?e,f . *» 
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dextrose solution. These results are similar to those reported by Allison 
and his coworkers in their studies on coenzyme E (1, 5) . 

On media containing other simple sugars, such as levulose, sorbose, 
galactose, rhamnose, mannite, and also glycerol, Diploidia macrospora made 
little or no significant growth, as Miss Kinsel (8) reported. D. zeae^ how- 
ever, developed satisfactorily on all of these substances. After being staled 
by D. zeae for 4 or 5 weeks, media containing these various compounds all 
supported a good growth of D, macrospora, A little staled medium added 
to an unstaled dextrose solution also stimulated a good development of 
D. macrospora. 

Growth-promoting Substances. By using a method corresponding to 
that employed by Buston and Pramanik (2) to extract a growth factor from 
lentils, a substance was obtained from corn grains and from whole oats 
that exerted a definite stimulating effect upon the growth of Diplodia macro- 
spora. When 2 g. of either of these grain extracts was added to a half liter 
of dextrose medium and the solution inoculated with D. macrospora, the 
fungus made a vigorous growth. The addition of greater quantities of the 
substances provided no more growth stimulus than did the smaller amount, 
and, in the case of the oat extract, the larger amounts inhibited mycelial 
growth. 

Green cornstalks, stock molasses, sugar beets, and a dextrose solution 
staled by Diplodia zeae, also provided an alcohol-extractable growth sub- 
stance. It is significant to note, however, that an extract derived from 
sucrose media staled by D. macrospora was not active. 

A growth factor for Diplodia macrospora was likewise obtained by care- 
fully removing vigorously growing mycelium of D. macrospora from the sur- 
face of whole-oat cultures and macerating these hyphae in a little water. 
The resulting liquid was then filtered, and its growth-promoting properties 
tested by adding a little to a dextrose medium. On such media D. macro- 
spora formed a heavy growth. 

Through the courtesy of Leon Leonian, a small quantity of a biotin- 
like substance extracted from dung was made available for testing. This 
material enabled Diplodia macrospora to form a heavy mycelium on a sucrose 
medium purified with Norite. Later a commercial biotin concentrate, 
standardized at the laboratory by the assay method of Snell, Eakin, and 
Williams (14), was tested. Added to a dextrose medium at the rate of 0.02 
gamma per 50 ml. flask, this substance produced mats of D. macrospora 
averaging 115.5 mg. after 4 weeks. A concentration of 0.05 gamma per 
flask was somewhat less effective. 

Ineffective Growth Substances. In an attempt to ascertain the iden- 
tity of this substance required for growth of Diplodia macrospora, a number 
of known compounds were added to dextrose media. All of these compounds 
had been reported as growth-promoting for various fungi. Nicotinic 
acid and vitamin C were tested in two dilutions, 0.1 mg. and 0 5 mg. per 
50 ml. flask, but induced no growth of D. macrospora. 
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Other materials tested were C.P. i-inositol, 0.2 g, per liter; vitamin Bg 
kindly furnished by Merck and Co., 0.2 mg. per liter ; vitamin Bi 0.2 mg. 
per liter; and a combination of 40 mg. of vitamin C. and 0.2 mg. of vitamin 
Bi per liter. None of these materials in the concentrations tested induced 
any mycelial formation whatsoever by Diplodia macrospora in dextrose 
media. Media containing 0.02 gamma of biotin per flask plus 10 mg, of 
i-inositol gave no better growth than the flasks containing only a like quan- 
tity of biotin ; nor did the addition of 0.2 mg. per flask of para-amino benzoic 
acid to a medium containing biotin give any increased growth. 

THE PROBABLE IDENTITY OP THE GROWTH FACTOR PRODUCED BY DIPLODIA ZEAE 

As noted above, media containing simple sugars as a source of carbo- 
hydrate will support a satisfactory growth of Diplodia macrospora only if 
a suitable growth factor be added. Similar media, after being staled for 
several weeks by D. zeae, will support a good growth of Z>. macrospora. 

Since it was known that a commercial preparation containing biotin 
enabled Diplodia macrospora to utilize dextrose, an effort w^as made to de- 
termine whether the substance excreted by D. zeae may be identical with 
biotin. A concentrate obtained from dextrose media staled by D. zeae sup- 
ported a good mycelial formation of D. macrospora when added to dextrose 
media in small amounts. For this reason the concentrate was subjected to a 
number of the physical and chemical treatments by which biotin, coenzyme 
B, and vitamin H, three growth factors now considered to be identical (4), 
are tested. 

As a result of these tests the growth factor elaborated by Diplodia zeae 
was found to possess a number of the characteristics exhibited by biotin 
obtained from egg yolks by Kogl and Tonnis (9) . 

It is thermostable, soluble in water and alcohol, but scarcely soluble in 
ether, petroleum ether, or chloroform. The substance is not destroyed by 
refluxing with acidulated methanol, is dialyzable, adsorbed by char, and is 
resistant to the action of strong acids and alkalies. In addition it is com- 
pletely inactivated by nitrous acid. 

Two additional tests also were made upon the concentrate containing the 
growth factor. Following a report (3) that a constituent of raw powdered 
egg albumen will inactivate biotin w vitro, the effocts of egg white were de- 
termined. A second test concerned the ability of the concentrate to stimu- 
late the growth of Saccharomyces cerevisiae, an orgahism believed to require 
biotin for growth. 

The whites of fresh eggs were used in testing the relative effects of raw 
and cooked albumen upon the growth principle in the concentrate. In the 
■first part of this experiment the white of an egg and 10 ml. of a solution of 
the concentrate were added to a half liter of distilled water and the mixture 
autoclaved for 20 minutes. The addition of dextrose and the required min- 
erals was made after the initial heating, and the medium was then flashed 
and re-autoclaved. Both Diplodia zeae and 1). macrospora showed an 
excellent development on this mediuin containing the cooked white of egg. 
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The experiment was completed by aseptically adding* the raw white of an 
egg to a large flask containing a half liter of dextrose medium that had been 
autoclaved and cooled. The flask was shaken vigorously to break np the 
albumen and the solution was then poured into small flasks that had been 
previously sterilized. D. macrospora made no growth in media containing 
the raw white of egg if no contamination appeared. In one instance where 
the egg was apparently already contaminated by bacteria, D. macros%>ora 
made a fair development after 2 or 3 weeks. The raw white of egg also 
reduced to a marked degree the growth of D. zeae. 

When supplied with Domino Cube sucrose in the solution used by 
Bobbins and Schmidt (13) for the growth of AsKhya nemafospora^ a culture 
of Saccharomyces cerevmae furnished by Leon Leonian made only a slight 
growth. On a similar medium, to which a little of the concentrate had been 
added, the yeast grew very satisfactorily. 

GROWTH FACTOR PRESENT IN CERTAIN CARBOHYDRATES 

The fact that Diplodia maerospora will grow readily on simple sugars, 
if supplied with suitable growth substances, suggested that the results re- 
ported by Miss Kinsel (8) and by Stevens and Larsh (19) might be traceable 
to impurities, present in the complex carbohydrates, removed from the mono- 
saccharides in further processing. It also seemed reasonable to believe that 
very pure di- or polysaccharides also might be lacking in these substances 
needed for the growth of the fungus. Several tests of various carbohy- 
drates were undertaken in an attempt to determine the facts. 

Preparation of Dextrose. Since Diplodia maerospora was observed 
to grow when supplied with corn starch but did not develop on dextrose, 
obtained commercially by the hydrolysis of starch, it seemed desirable 
to study the steps in the process of the conversion of starch to dextrose. 
Through the courtesy of J. Paul Bishop of the Corn Products Kefining 
Co. of Argo, Illinois, samples of hydrolyzed starch from various stages of 
the processing by which starch is converted to dextrose were made avail- 
able. The samples tested for their ability to support growth of the two 
Diplodias were as follows : ( 1 ) starch hydrolysate neutralized with sodium 
carbonate; (2) the neutralized solution with fats removed by centrifuging 
and the centrifugal liquor filtered and passed over char once; (3) decolor- 
ized and concentrated liquor passed over char twice and ready for the crys- 
tallizer, (4) Hydrol, the second mother liquor removed from the sugar 
crystals by centrifuging; (5) special Hydrol, the second mother liquor 
specially treated to remove inorganic salts and all kinds of acids, (6) Alpha 
dextrose hydrate, obtained by crystallization; and (7) fatty material 
removed during the first centrifuging of the hydrolyzed starch solution. 

These samples were evaporated to about 70 per cent dryness at the Corn 
Products laboratory and consequently, with the exception of the dextrose 
and fatty material, were used at the rate of about 40 g. per liter of medium. 
The results obtained are listed in the following table. 
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TABLE 1. Growth record of Diploclia macrospora and D. seae cultured for 7 
at room temperature ^ letckh 


Sample 


Starch hydrolysate neutralized 
Liquor passed over char once ... 

Liquor ready for crystallizer 

Hydrol - . 

Dextrose 


Dextrose plus 10 g. of Hydrol per ^ 

Dextrose plus 10 g. of fatty centrifugate per liter 

Special Hydrol (40 g. per 1.) 

Special Hydrol (60 g. per 1.) 


T). macrospora 

No. of flasks 

Av. net w- 1. 

9 

109.4 mg. 

9 

240.0 

8 

93.7 

9 

294.4 

9 

Negligible 

197.2 

9 

9 

Negligible 

7 

90.0 

7 

97.1 


D, zeae 


(1 flask) 


Good 

Good 

Good 

Good 

Fair 

Fair 

Poor 

Fair 

Fair 


InuUn. In the tests of inulin, two grades were used; Pfanstiehl CP 
and Pfanstiehl “Practical.” Diplodm macrospora made a sparse growth 
Wien furnished with these samples of inulin in culture, averaging only 31.1 
mg. per flask on the C.P . grade and 35.8 mg. on the “Practical. ” However, 


1 . should be noted that on another sample of C.P. inulin D. macrospora made 
a much better development. Unfortunately, no weight determinations were 
made of the fungus when grown on this particular sample. Inulin hydro- 
lyzed by the addition of a little hydrochloric acid also supported a fair 
growth of D. macrospora. The best development of the fungus occurred 
yhen a little growth substance was added to the medium. D. zeae grew 
lairly well on both gTades of innlin. 

Maltose. When Diplodia macrospora was inoculated into media con- 
tmnmg maltose the results obtained varied to a marked degree according to 
the grade of the sugar used. On Pfanstiehl C.P. maltose the fungus aver- 
aged only about 30 mg. per flask," but, when grown in a medium containing 
a brown colored technical grade, a luxuriant mycelium was formed which 
averapd 427.1 mg. per flask. That impurities were responsible for the 
stimulation of growth seems evident because passage of the sugar through 
hne^ ground animal char prevented any growth of B. macrospora. 

bucrose. Development also varied according to the source of the sucrose 
used. Sucrose samples from 5 sources were tested for their ability to sup- 
port powth of Diplodia macrospora. These included C.P. sugar from two 
chemical companies two commercial brands of cane sugar, and a sample of 
bulk beet sugar. The comparative results obtained are listed below. 


Brand of sucrose 


Bakers Analyzed^’ C.P. 

Coleman & Bell C.P. Baecharose 

C&H ''Pure Cane^' from 2 lb. box 

Domino Cube 

O&W Beet Sugar from 10 lb! bag 


D, macrospora 


D. 2 eae 


(Av. of 9 flasks) 


(1 Flask only) 


41.1 mg. 

90.0 

48.1 
27.8 

Very sparse 


Satisfactory 


Average of only a flasks. 
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Coleman and Bell’s C.P. sugar was commonly used as a disaecharide in 
our cultures, and, as a rule, permitted even more satisfactory growth of 
Diplodia macrospora that obtained in the above comparison. The 
fungus consistently failed to make any significant growth on the Domino 
Cube sugar, unless supplied with growth factor of the biotin type. This 
was true also of the single sample of beet sugar tested. 

DISCUSSION 

The results obtained from these studies indicate that one of the funda- 
mental physiological differences between Diplodia zeae and D. macrospora 
is the inability of D, macrospora to elaborate a growth substance required 
by both fungi in their metabolism. The fact that this fungus did not de- 
velop on unstaled media, containing only dextrose as a carbohydrate, but 
grew very well in similar media after being staled by D. zeae^ regardless of 
whether or not trace elements were removed, was direct evidence that the 
growth of D. macrospora was induced by an organic substance secreted by 
D. zeae. 

The occurrence of the growth factor for Diplodia macrospora in corn 
and oat grains, sugar beets, molasses, and green cornstalks indicates that 
this growth substance is not uncommon. The stimulating effect of invertase 
solution may be explained as the effect of a growth substance present as an 
impurity in the solution. 

When grown on whole oats, Diplodia macrospora obtained an abundance 
of the required metabolite from the substrate. This was evidenced by the 
vigorous hyphal growth made by the fungus and by the stimulating effect 
that an aqueous filtrate, derived by crushing these hyphae of D. macrospora, 
exerted upon the development of the fungus in a dextrose medium. The 
presence of accumulated growth factor in the hyphae would account for the 
growth of D. macrospora m dextrose media when the inoculum used was bits 
of mycelium from vigorously growing cultures. For this reason only in- 
oculum from dormant mycelia was used throughout the course of these 
investigations. The growth principle, carried over by bits of mycelium 
growing vigorously on agar, would seem to account for the development of 
D. macrospora obtained by Margolin when the fungus was supplied with 
dextrose. This appears even more probable, since a biotin-like material 
apparently was added to the agar on which the Z>. macrospora, used as 
inoculum, was grown. 

The results of the various tests to which the concentrate obtained from 
dextrose media staled by Diplodia zeae was subjected indicate that in all 
probability biotin is the growth factor that D. zeae elaborates, and is a sub- 
stance that both D. zeae and D. macrospora require in their metabolism. 
One of the most convincing pieces of evidence that D. zeae synthesizes biotin 
was furnished by the stimulating effect that the concentrate had upon 
the growth of Saccharomyces cerevisiae, a yeast believed to need biotin for 
growth. 
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As Margolin lias suggested, the reason that Miss Kiiisel (8) and also 
Stevens and Larsli (19) obtained growth of Bvplodia macro^yora only when 
the fungus was supplied with complex carbohydrates may be explained as 
the effect of a needed growth factor present as a contaminant in many 
di- and polysaccharides. Why the growth substance is not present in simple 
sugars, such as dextrose, which is obtained from a contaminated polysac- 
charide, is not so apparent. Tlie tests run on the samples of processed 
starch that was being converted to dextrose indicated that sufficient growth 
substance to induce development of D. macrospora was present in the liquor 
placed in the crystallizer. Judging from the growth of the fungus, the 
growth factor was present also in Hydrol, the mother liquor removed by 
centrifuging from the dextrose crystals after the process of crystallization 
was comiDleted; yet D, macrospora made no significant development on 
medium containing dextrose, unless a growdh factor Avas supplied. 

In the process of refining cane sugar a similar method for removing the 
molasses from the crystals by centrifuging is followed. Nevertheless, the 
growth of Diplodia macrospora indicates that an appreciable quantity of a 
needed growth factor may remain in association with the crystals of cane 
sugar. At present the only reason the writer can suggest for this fact is 
that the larger carbohydrate molecules may have an affinity for the growth 
factor, which the smaller molecules of dextrose do not possess. More study 
is needed before a definite explanation of this phenomenon can be given. 

The very high purity of some commercial sucrose, at least insofar as the 
presence of growth factor is concerned, was indicated by the comparative 
growth of Diplodia macrospora obtained on these sugars and on the C.P. 
grades. The slight growdh induced by Domino Cube sugar is apparently 
due to the extreme purity of the product. L. A. Wills of the American 
Sugar Refining Co., which produces Domino sugar, explained in private 
correspondence that, although ordinary commercial grades of cane sugar 
have a high purity of approximately 99.5 per cent, the special method of 
refining used in producing Domino Cube sugar gives a product that is at 
least 99.95 per cent pure. 

The writer has no explanation of the high purity of beet sugar, as relates 
to the presence of growth factor, except to point out that Snell, Bakin, and 
Williams (14) found that sugar beet molasses in some instances contains 
very much less biotin than does cane sugar molasses. This may indicate 
that sugar-beet roots naturally contain less biotin than do cane stalks. 

White has stated (21) that the source of sucrose has no significant effect 
upon the growth of excised tomato roots in culture, but these experiments 
do not w^arrant a similar conclusion for the growth of Diplodia macrospora. 
The high purity of the sucrose (Bakers “Analyzed"’ C.P. ), employed by 
Margolin, probably accounts for the sparse growth he obtained when he 
attempted to culture D. a on sucrose. 

Our results emphasize that the possibility of introducing growth factors, 
present as impurities in the carbohydrates employed, should be borne in 
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mind by all investigators wlio grow organisms in synthetic solutions. That 
these growth factors are more often present in complex carbohydrates than 
in hexose sugars is abundantly borne out by these studies. Steinberg (17) 
has suggested that ^‘repetition of these tests with hydrolyzed polysaccharides 
would appear desirable to determine whether this effect is due to chemical 
structure or to the greater difficulty in purification of the polysaccharides’’ 
in those instances where it has been found that certain fungi develop more 
readily on polysaccharides than on simpler compounds. From the results 
of these studies with JDii^lodia macrospora it now appears that the more 
complex carbohydrates are more difficult to purify since^ with the exception 
of one sample of dextrose, none of the monosaccharides tested was of C.P. 
grade. In contrast, C.P. sucrose was commonly used when a disaecharide 
was required. 

summary 


The results of this series of physiological studies on Diplodia macrospora 
and D. zeae having special reference to the utilization of various carbohy- 
drates may be summarized as follows : 

The source of inoculum of D. macrospora was found to be correlated 
with the ability of this fungus to grow on simple sugars supplied in the basic 
nutrient medium,. 

A substance that enabled D. macrospora to develop on media containing 
simple sugars was obtained from corn, oats, sugar beets, molasses, hyphae 
of D. macrospora from vigorously growing cultures, and a dextrose medium 
staled by D. zeae. An invertase solution and a commercial biotin concen- 
trate were also effective in promoting growth. 

The growth substance elaborated by D. zeae and present in a concentrate 
of dextrose media staled by this fungus was observed to possess many of 
the properties of biotin. It is believed to be biotin or a closely related 
compound. 

Tests made on samples from various stages of the process by which 
starch is converted to dextrose indicated that the growth factor present in 
starch is not present in dextrose in significant amounts, but remains in the 
mother liquor removed from the dextrose after crystallization. 

The growth of D. macrospora was definitely influenced by the source of 
the maltose and sucrose supplied in the culture media. 

The results obtained indicate that D. macrospora can utilize complex 
carbohydrates in many instances only because they contain as an impurity 
a growth factor required by this fungus. This growth factor apparently 
is removed from simple sugars during the manufacturing processes. 

Department OF Botany, 

University OP Illinois, 

Urbana, Illinois 
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THEBE BACTEEIAL PLANT PATHOGENS: PHYTOMONAS 
CARYOPHYLLI SP. N., PHYTOMONAS ALLIICOLA SP. N, 

AND PHYTOMONAS MANIHOTIS (ARTHAUD- 
BEETHET ET BONDAE) VIEGAS 

Walter H. Burkholder 
(Accepted for publication June 7, 1941) 

The three bacteria described in this article have little in common except 
that they are plant pathogens. Two are new species, while the third has 
received no adequate description, although the name has appeared in litera- 
ture for over 25 years. 

In the following investigation, isolates of all three species were run simul- 
taneously and the methods used were the same. To avoid repetition the 
methods are given in the following paragraphs. In most instances these are 
well known and only need be mentioned. 

In measuring the bacteria the Congo red negative stain was employed, 
wMle Plimmer and Paine’s modification of the Casares-Gil’s stain was used 
for determining possession and position of flagella. The Ehrlich-Bohme 
method was employed for the determination of indol in tryptone broth, while 
strips of filter paper impregnated with lead acetate were suspended over the 
same medium for the determination of hydrogen sulphide production, M. P. 
Starr made the lipase test, using his own method, which has been published 
recently (17). The synthetic nitrate medium listed in the Manual of 
Methods (16) was employed in the nitrate studies. 

In determining the substances that can be used for an energy and carbon 
source the following method was employed. The synthetic basal medium as 
recommended in the Manual of Methods (16) was used, and was tubed and 
autoclaved at the usual pressure and time. The carbon sources to be tested, 
with the exception of the salts of the organic acids, were prepared in 10 per 
cent aqueous solutions, sterilized by filtration, and then added to the tubes 
of basal media, so that a 1 per cent solution was obtained. Sodium salts of 
the organic acids were added directly to the basal media, making up 0.15 per 
cent of the solution, and autoclaved together. Ammonium lactate was used 
instead of the sodium salt, since this latter was not on hand. For the de- 
termination of starch hydrolysis both the starch-agar iodine method and 
starch broth method were used. 

CARNATION PATHOGEN 

Early in 1940 L. K. Jones sent the writer a number of wilted and dead 
carnation plants. In an accompanying letter he stated that the disease had 
been found in Washington State, where it was severe in one of the green- 
houses, and that it was caused by a bacterium he had isolated and whose 
pathogenicity he had proved. In the correspondence that followed it was 
agreed that he should attend to the pathological phases of the disease and 
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the writer the etiological phases — ^namely the description of the pathogen. 
Since then, Jones has published a description of the symptoms of this disease 
(11). In brief, the affected plants wilt, lose their color, and become dry, 
while the roots entirely disintegrate. 

Accompanying the first specimens was also a culture of the bacterial 
pathogen; and later, when a great many diseased plants were received, 20 
isolates were made. In most cases these were obtained from the interior of 
the stalks a little aboveground. Below^ ground, the roots were well rotted 
and many secondary organisms were present. These cultures w^ere all from 
specimens sent from the West Coast, but it is possible that the disease is of 
greater distribution. In appearance it is similar to the fusarium wilt of this 
plant and easily might be mistaken for it. J. M. Bickerton told the writer 
that he had obtained at times specimens of diseased carnations that he took 
to be the fusarium wilt, but in which he was unable to find the fungus. 

While 20 isolates were on hand at the beginning of the work only 12 were 
used in the various tests for determining the characteristics of the pathogen. 
The reduction in number was due to the death of 8 cultures that were being 
grown on an unfavorable medium. This medium was the ordinary beef- 
extract-peptone agar, and, although the cultures grew readily on it for a 
few days, they did not remain viable. Potato-dextrose agar was found to be 
a more satisfactory medium. 

The pathogenicity of all the isolates was proved by inoculation into car- 
nation plants, and after symptoms of the disease appeared the pathogens 
were reisolated. The carnation variety, Virginia, was used as the host plant 
in most experiments. Infection readily can be obtained by scraping a small 
mass of bacteria from a colony on agar onto a sharply pointed scalpel and, 
with this contaminated instrument, piercing the carnation stalk a little above 
the ground. Definite symptoms appear in approximately 4 weeks. Healthy 
carnation plants transplanted to pots that previously had disease in them or 
in which suspensions of the pathogen had been poured may contract the 
disease. Under these conditions the incubation period may be 2 months or 
more. 

While no attempt has been made to determine the host range of the 
pathogen, inoculations were made on 2 plants of Dianthus harhahis L., and 
1 plant each of D, plumarius L. and D. allwoodii, a horticultural designation 
of a race of hardy pinks. These were full-grown plants that happened to 
be in the greenhouse at the time the work was in progress. Only D. plu- 
mariiis remained healthy. 

All the isolates employed in describing the pathogen, were from single 
colonies, and dilution plates were made 3 to 4 times with each to insure 
purity. In the following tests with the 12 isolates, a uniformity of reactions 
existed. 


Morphology. The pathogen is a short, slender rod, at times slightly curved. In 48 
hour-old cultures on potato-dextrose agar at 27° C. the size of the cells was 1.84 u (1.05- 

^ organism is actively motile by 1 to several 

flagella, frequently at both ends. It is Gram-negative. 
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Cultural Characteristics, Colonies, 4 to 5 clays old on potato-dextrose agar are 3 to 
4 mm. in diameter, circular, smooth, glistening, with edges entire. The consistency is 
hutyrous. The color is a tan to a gray -mauve. This peculiar appearance is caused hy 
a whitish film over the darker brown cells in the interior of the colony. Later, the film 
may disappear, and the colony becomes a deeper browui. On beef -extract-peptone agar 
the growth of the pathogen is similar to the above description, but the consistency of 
the colony is very firm and hard, so that it is difficult to remove portions of it. Beef- 
extract-peptone bouillon (pH 6.6) becomes very turbid in 24 hours at 27° 0. to 36'^ 0. 
A whitish sediment is formed. In litmus miik, growth is slow, the medium becomes 
slightly blue in 1 week, and a slight reduction of litmus begins at the bottom and ad- 
vances about half way up the tube. In 6 weeks the color is a slate-blue with a dirty- 
white sediment. There is no clearing. In shake cultures with beef -extract, peptone agar 
plus 0.5 per cent dextrose used as a medium, colonies appear on the surface or only 
slightly below, showing that the pathogen is an aerobe. In Clara ^s medium (4) there 
is good growth but no green fluorescent pigment is produced. 

The optimum temperature for growth is about 30 to 33° 0. Maximum 46° and 
minimum 5° or less. The pathogen has an exceptionally high temperature range. 

Biochemical Reactions, Growth in gelatin stabs is moderate and liquefaction begins 
only after 3 to 4 weeks, and proceeds very slowly. The liquefied medium is of oily con- 
sistency. Growth in tryptone broth is excellent, but indol is not formed nor is hydrogen 
sulphide. Asparagine, KNOg and NH4H2PO4 can be utilized for nitrogen. Nitrates are 
reduced to nitrites, which soon disappear with the formation of ammonia and a gas. This 
reaction might possibly explain the destructive rot of infected tissue. Lipase is produced. 

The carnation pathogen proved to be extremely saceharolytic. The following carbon 
sources were utilized: 1-arabinose, d-xylose, rhamnose, dextrose, d-galactose, levulose 
(d-fructose), d-laetose, maltose and sucrose; glycerol, mannitol, and salicin, with a de- 
crease in pH; and the sodium salts of the following acids, acetic, citric, formic, hippurie, 
lactic, maleic, malic, succinic, and tartaric with an increase in pH. Starch was not 
hydrolysed. 

The above description of the bacterial pathogen and the type of disease 
it produces on the carnation plant, leaves little doubt that it is distinct from 
the disease caused by Phyiomonas woodsii (E. P. Smith) Bergey et al. The 
latter is the only bacterial disease of carnations, as far as the writer is aware, 
that previously has been reported on this floral crop. Bacterium dianthi 
Arthur and Bolley now is considered a saprophyte. The description of the 
new carnation pathogen is so distinct in appearance and in action in media 
that it must be considered new. The name Phytomonas caryophylli n. sp. 
is proposed. Certain characteristics place it in the Pseudop%onas group, as 
the characters of curved rods with polar flagella, the action on milk and 
asparagine, the use of formates and the lack of H 2 S production and of starch 
hydrolysis. 

ONION pathogen 

A number of bacteria have been reported in literature as causing or at 
least associating with rots of onion bulbs. Bacterium allium Griffith (9) 
was possibly the first to be described as isolated from rotting onion bulbs, 
but Griffith, who conducted the investigation, makes no claims that the spe- 
cies is pathogenic. The organism was evidently one of the green-fluorescent 
saprophytes. In 1906, Delacroix (5) isolated a bacterium from rotting 
onions and proved its pathogenicity. He named the pathogen Bacillus cepi- 
vorus n. sp., but gave an incomplete description of the organism, so that it is 
difficult to determine with what species he was working. Giampietro (8) 
claims to have found Bacterium coli produces a rot of onions, and he 
further states that B, cepivorus and Bad, coli are identical. It is possible 
that both these men were working with Erwinia carotovora (Jones) Holland. 
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Willie the name B. cepivorus still appears in literature, especially from 
Europe, as far as the writer is aware no further work has been done on this 
species or the disease it produces. Numerous reports are on record that E 
carotovora causes a soft rot of onions and several investigations from Jones 
(12) have proved its pathogenicity on this crop. Townsend (20) obtained 
a rot on sliced onion bulb with Bacillus aroideae when he described this spe- 
cies, and, later, Takomoto (18) found the same organism causing a rot of 
onions in Japan. Bacillus croci Mizusawa (13), a probable synonym of this 
pathogen, also has been reported on onion. Edelsztein-Kosowa (7) in Poland 
described a bulb rot of onion caused by a new species of bacterium which he 
named Bacillus cepae. This pathogen is a spore former with peritriehie 
flagella, producing gas in carbohydrate media, and rapidly hydrolyzine 
starch. These characters readily differentiate it from the other pathogens. 

Ukabe (14) working with Bacterium formosanum Okabe which the 
writer considers a synonym of PJiytomonas chicorii Swingle, was able to 
obtain infection when onions were inoculated with this organism Another 
synonym of Phyt chicorii is Phyt. endiviae (Kotte) Clara (4) A culture 
ot this latter bacterium was received several years ago from Kotte and 
recently artificial inoculations were made on onion bulbs. A definite light- 
brownish rot was obtained. ^ 

« without giving 

name to the pathogen. The most interesting and extensive article of this 

type was in 1899 when Stewart (18) carefully described a rot of onion bulbs 
occurring in New York State, and published an excellent picture of a dj 
eased specimen. While he was certain that the disease was bacterial he did 
not isolate or describe the organism. It has been thought by certa^ 
gators that the cause of the disease reported by Stewart was E. carotovla 
e work presented in this article throws some doubt on this point 
uring the last 10 years or so, at infrequent intervals, rotting onion bulbs 

jacent B»le. m early a, ages of ae disease ae talbZy al ° 

SS1°° ““sms of ae rot show aey are MI 

a isolaa K froa, these 

cases, however, dirty white bacterial colons appeared on the dTr "" TT 
and were characterized by coloring hPP-F pvf + ^ ^ plates 

The orgMs., wh«t — 

ahoye. In 1939, a. orgardsa. was agair. isoIaA r°t«‘g „„tr “ 
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appeared from this second instance that the bacteria were of more than 
casual occurrence and, since the symptoms of the disease agreed so closely 
with Stewart’s disease, they probably were of long standing. 

Just how and when infection takes place to cause this bulb rot is not 
known. It probably is at harvest time, or slightly before, since young grow- 
ing onion leaves are but slightly susceptible to the bacterium and appear to 
outgrow the disease. Mature bulbs are very susceptible and may rot com- 
pletely within 10 days at room temperature. No rot has been found at 6° C. 
upon artificially inoculated bulbs. 

Inoculations were made on a number of plants with this onion organism 
with the following results. The bacteria are able to produce a brownish rot 
on carrots, which is not so soft as that caused by Erwinia carotovora ; a black 
but not extensive rot on paper-white narcissus bulbs ; and a slight dry rot on 
tulip bulbs and on iris rhizomes. Potato tubers, bulbs of Lilium speciosum, 
and cabbage stalks were not infected. 

The pathogen causing this onion rot is very readily isolated from the 
advancing margins of the lesions by making dilution plates with either 
potato-dextrose agar or beef-extraet-peptone agar as the medium. The latter 
is preferable, since a dark coloration appears around the colonies of the 
pathogen on this medium, and, consequently, they can be recognized more 
easily. 

In describing this bacterium 7 isolates were used, each from a separate 
onion bulb and each from a single colony. Each isolate was later plated in 
dilution plates 3 to 4 times and its pathogenicity proved. The only differ- 
ence noted among the isolates was a difference in the intensity of the brown 
discoloration of the media. This coloration did not have the purplish tint 
characteristic of the tyrosine reaction. 

Morphology. The onion pathogen is a rod with rounded ends. In a 24-hour-old cul- 
ture on beef -extract-peptone agar grown at 27° C., the size of cells was 2.0 |j, (1.05 to 
2.80 p,) by 0.9 jx (0.7 to 1.4 p). The bacteria are motile with 1 to several polar flagella, 
sometimes bipolar. They are Gram-negative. 

Cultural Characters. Streak cultures on beef-extract-peptone agar are moderate in 
growth, white at first, but, later, dirty in appearance, edges of streak wavy, consistency 
viscid. Agar becomes a deep brown. On potato-dextrose agar growth is more abundant, 
mucoid, and white to a dirty-cream in appearance. Consistency is not viscid but father 
watery. Medium not brown. In beef -extract-peptone bouillon, growth appears in 
24 hours or less, becoming turbid with a slight pellicle. Browning of broth begins 
near surface and extends dowmward into the tube. In litmus milk, growth is at first 
slow but, by 5 days, litmus is reduced and milk cleared. Medium approximately neutral. 
In shake cultures with beef -extract-peptone agar plus 0.5 per cent dextrose, the colonies 
appear only at surface. The upper quarter of medium becomes cleared and a light 
yellow-green in appearance. Later the medium becomes brown. In Clara’s solution (4), 
there is a light to cloudy growth with a white sediment, but no green fluorescent pigment. 

The optimum temperature for growth is about 30° C., maximum 41° C., and minimum 
5° C. or less. 

Biochemical Reactions. Grow'^th in gelatin stabs is good, liquefaction begins on the 
second day, and in 4 weeks half of medium is liquefied and brown. Growth in tryptone 
broth is good, but indol is not formed nor is hydrogen sulphide. Asparagine, KNO-j and 
NH4H2PO4 can be used for the nitrogen source. Nitrates are reduced to nitrites. The 
organism shows excellent lipolytic action. The following carbon sources utilized : 
1-arabinose, d-xylose, rhamnose, dextrose, d-galactose, levulose (d-fruetose), d-lactose, 
maltose sucrose, glycerol, mannitol, and salicin produced growth with an acid reaction. 
Rhamnose, however, produced a very weak growth. The salts of acetic, citric, formic, 
hippuric, lactic, malic, succinic, and tartaric acids produced growth with an alkaline reac- 
tion. Maleic acid was not utilized, nor was starch hydrolysed. 
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Taxonomy. The numerous bulb rots of onions that have been described 
from time to time are very similar in symptoms, and, possibly, they could be 
differentiated only after a comparative study of the various diseases. The 
bacterial pathogens causing these diseases, however, are distinctly different 
and are readily separated. The pathogen under consideration in this article 
does not agree with any of the previously described bacterial pathogens 
affecting onions ; it appears to be a pathogen heretofore unrecognized. Bac- 
teriologically the onion pathogen is similar to Phytomonas solanaceanm 
(E. L. Smith) Bergey et al. It retains its virulence in culture fairly well, 
however, which the latter species does not do. As far as the writer is aware 
Phyt. solanaceanm has not been reported on onion, and the onion pathogen 
does not infect potato tubers. Possibly a still more closely related species is 
Phytomonas gardeniae Burkholder and Pirone. Here again the onion path- 
opn produces no infection on gardenia leaves, even under very favorable 
circumstances. For this reason it is considered a new species, and the fol- 
lowing name is proposed— Phytomonas alliicola sp. n. The pathogen prob- 
ably could be plaeed in the Pseudomonas group. 

CASSAVA I^ATHOGEN 

In the summer of 1939 Karla Lougree received some cuttings of Cassava 
(Manihot utilissima Pohl.) of the variety Cambaia from A. P. Viegas of Sao 
Paulo, Brazil. The cuttings were rooted in one of the greenhouses at Cor- 
nell University and, for a time, they grew vigorously. However, after a few 
weeks of growth about 10 of these plants began to show signs of a wilt. The 
lower leaves flagged, then eventually the upper leaves and finally the whole 
plant died. Upon a careful examination of such plants it was discovered 
that the vascular system was full of bacteria that, in many cases, had broken 

through the cells and even on to the surface of the stem, where they occurred 
in sticky drops. 

In correspondence with Dr. Viegas he stated that the disease was gen- 
erally recognized in Brazil and was of economic importance. Bacteriologi- 
cally little was known concerning the cause, and he suggested that the writer 
study and describe the pathogen. 

In a search through literature greatly aided by A. P. Viegas it was found 
that 3 baeterial diseases have been described on Cassava. Bondar (1) in 
1912 was the first to report one on this crop and later in 1915 (2) gave a 
uller account of the trouble. The disease was found in Brazil, and the host 
species he gives is Manihot palmata. From all appearances it was this dis- 
ease that was on the Cassava cutting at Cornell University and this conclu- 
sion was substantiated by A. P. Viegas. Bondar attributed the cause of the 
disease to a bacterium, which, m his first article, he names Bacillus manihotus 
Arthaud-Berthet, but with no description. Dr. Arthaud-Berthet was col- 
laborating with him on the problem, although his name does not appear as 
co-auaor of the athele. The aecoM .rttel, aleo ie eisned by Boada? alone 
iiie hyphen m this name is not used consistently. 
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but a note on page 911 of this voluine states that Sr. Arthaiid-Berthet’s 
name, accidently, was omitted. Here the pathogen is called Bacillus mani- 
hot sp. n., and a very inadequate description is given of it. Since then the 
name may be found in literature as Bacillus mmiihotus ATthmd and Berthet, 
which is incorrect. Recently A. P. Viegas informs me that in an article in 
0 Campo 11 : No. 132 ; 64, 1940, which I have not seen, Bondar uses the name 
Bacillus manihoti Berthet et Bondar. Viegas (21), however, has placed the 
pathogen in the genus Fkyiomonas and calls it Phytomonas manihotus 
(Arth. Berth, and Bondar) n. comb. In a letter Viegas states that the ^^u’’ 
in the specific name is a typogi^aphical error. It should be 

Two other diseases of Cassava caused by bacteria also are reported in 
literatux^e. Miss Sch.ww*z (15), in 1926, proved that Phytomonas sola- 
nacearum (B. F. S.) Bergey et al, w^as capable of attacking this plant (Mani- 
hot utilissima Pohl. ) and causing a slime disease. Since then, others have 
reported finding this disease. Hansford (10), in 1938, described a leaf spot 
and stem disease of Cassava from Uganda. No wilt is mentioned. The 
pathogen Bacterium cassavas sp. n. belongs to the genus Erwinia. These 
two latter diseases cannot be confused with the one under consideration. 

The bacteria from the affected plants in the greenhouse at Cornell Uni- 
versity were readily isolated in either beef-extract-peptone agar or potato- 
dextrose agar. They conformed to Bondar’s description of Bacillus mani- 
hotus in that they were white, grew slowly, and w^ere aerobic. The only 
other character Bondar mentions is that his species was Gram-positive. The 
recently isolated bacteria were Gram-negative, but, as the writer has stated 
at other times, the Gram stain is difficult to handle, and many bacteria 
described at one time as Gram-positive, are now known to be Gram -negative. 

In describing the present Cassava organism, 8 isolates were used. These 
were selected from single colonies. Dilution plates were made 3 times and 
the resulting isolates tested for pathogenicity. All behaved similarly both 
pathologically and in culture. 

Morphology. The pathogen is a very slender rod. A 24-hour-old culture on beef- 
extraet-peptone agar at 27° C. yielded the folIoAving measurements for the cells, 2.17 |li 
( 1.4 to 2.8 p,) by 0.6 p (0.35 to 0,93 p). The pathogen is , Gram-negative and probably 
nonmotile. Excellent flagella stains were obtained on the other two pathogens discussed 
in this article, but in only one culture of the Cassava organism could one find a very lim- 
ited number of cells witli a single polar flagellum. These might have been contaminants, 
although, in one instance, Viegas informs me he also noted motile cells. 

Cultural Characters. Streaks on beef -extract -peptone agar at 27° C. show up in 
about 48 hours, are raised, ivory-color, smooth, shiny, with edges entire. Their consis- 
tency is watery. On potato-dextrose agar, growth is more abundant, white to hyaline, 
and very mucoid. Beef-extract-peptone bouillon becomes cloudy with a white granular- 
ring. In litmus milk, growth is good and a clearing and reduction of litmus takes place 
in 3 to 4 days at 27° G. With the return of color to the litmus the medium is purple. 
In shake cultures (beef-extract-peptone agar plus .5 per cent dextrose) most of the colo- 
nies were on or at the surface. Later a few appeared deeper in the medium. There 
is no growth ill Glara’s medium. 

The optimum temperature for growth is approximately 30° 0., maximum 38° C. and 
minimum 5° 0. 

2 Since this present paper was accepted for publication Drummond and Ilipdlito ^s 
recent investigation (6) was brought to the writer ^s attention. They describe the Cas- 
sava wilt pathogen and use the name Bacterium manihotus. 
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Biochemical Beaotions. broth is ' 

the 4th day, and, in 2 is The organism cannot utilize nitrates 

Ta^rg^ tnu=m for nitrogen. There is a doubtful 

’'"°'^^i\r^^“pathogen does not grow -11 

rienced in determining the carbon Xg^lalse, levulose^ (d-frnotose) 

slight acid production was obtained with ^ f-lactose, glycerol, mannitol, and 

d-xylose, maltose, and sucrose, “owth was obtained with levulose when 

salicin gave no growth. In one senes a when left ont. The use of this 

ll per lent of sodium j^^lfd^gro^ with an alkaline reaction was 

matoial was not followed addf acetic, citric, malic, maleic and suecinie 

obtained with the salts of the ^eid® ^ ^ utilized. Starch was not 

The salts of formic, hippurie, lactic, and tauaiic « 

hydrolysed. 

' For the present One org.niem had best be placed 

and the Mlomng name used, »»<»«»« “”*“7tor7i « 
Poiidarl Viegas Steps are being undertaken, howevei , to drop this ,,e n 

r.“l«'Sa membi s h. oUer genera^ mere .Ms " 

„/Gram.„eg.tioe vasenlar pm-asi.ea, 

Ma 2 :roii PhytomonaB stewarUi (Brw. Sniitli) B g y 

Sisce.! (MeCnlloch) Burkholder. Further work on its relationships 
to other bacteria is needed. 

SUMMARY 

A descrintion is given of three bacterial pathogens. Two are new species, 

»p. ■>.. ’’“«>■ “rb“."i““o?orr:: 

tions and Phytomonas alliicola sp. n., which causes ^ . 

The ’third description is o« Phytomonas nuinikcbs (A^and-Berthet ot 
SSdar) Wegae, a bacterium causing a ™ilt of Cassara and of wb.eb no ade- 
quate description has been given hitherto. 
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Cornell University, 

Ithaca, N. Y. 
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LEAF-SPOT DISEASE OP CULTIVATED SALSIFY 


M . B . L I N N 

(Accepted for publication May 19, 1941) 

In August, 1933, the writer found on Staten Island, New York, an appar- 
ently undeseribed leaf spot of cultivated salsify {Tragopogon porrifolius 
L,), caused by a variety of Stemphylium hotryosum Wallr. The lesions 
were confined to the foliage and varied in size from barely perceptible spots 
to those 3-4 mm. in diameter. Symptoms somewhat similar to these are 
described by Aderhold'- for a leaf spot on Scorzonera Mspanica 1j. (black 
salsify) in Germany and by Archer- for a leaf spotting of T. porrifolius in 
West Virginia. In both of these eases the disease is caused by Sporodesmium 
scorzonerae Aderh. Morphological studies show that this fungus is entirely 
different from the one here described. 

SUSCEPT RANGE 

The only known suseepts are Tragopogon porrifolius and T. pralensis 
L. (goat’s beard), a fairly common weed in the northeastern United States. 
Although the disease has not been found on the latter plant under natural 
conditions, successful inoculations of young, potted plants were made with 
spore suspensions of the pathogen. The symptoms are similar to those on 
T. porrifolius. Both young and nearly-mature plants of Scorzonera his- 
paniea were similarly but unsuccessfully inoculated. In addition, plants of 
this species were grown in the field in the same rows with cultivated salsify 
plants. Although the latter eventually became severely blighted, the black 
salsify plants remained healthy. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

The disease seems to be rather limited in distribution, partly because 
the suscept is not widely grown. A letter was sent out in 1938 requesting 
diseased material or cultures of the pathogen. Replies w'ere received from 
pathologists in 19 vegetable-growing states. No reports of any salsify leaf- 
spot diseases were received, although a plant pathologist in Ohio wrote that 
he had “seen salsify in one or two instances which wms affected with other 
things than white rust but the trouble never seemed important enough to 
cause much concern.” These replies indicate that salsify is grown on a 
rather limited commercial scale in 10 States and not at all in 4. The extent 
of salsify culture in 5 States was not ascertained. 

Diseased leaves have been collected each year since 1933 in every com- 
mercial planting on Staten Island. The only other collection of which 
there is a record is that made in 1938 in a small planting near Rochester, 

1 Aderhold, B. ITeber eine bisber Bicbt beobacbtete Krankbeit der Sehwarzwurzehi. 

Arb. BioL Abt. fur Land- und Forst. 3: 439-440. 1903. 

2 Archer, W, A. Plant Diseases in West Virginia in 1928. Bur, FI. Ind., IT. S. 

Dept. Agr. Plant Dis. Bptr., Suppl. 72: 346. 1929. 
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New York, by A. 6. NewhalL Tke question as to why this disease is so 
localized is as yet unanswered. 

The total area annually devoted to salsify on Staten Island amounts to 
less than 2 acres and has a value of approximately $1,000. The annual loss 
from this disease averages approximately 5 per cent of the crop, attributable 
largely to reduced size and quality of roots. On 2 occasions during the past 
6 years, the disease became so severe following prolonged warm, rainy 
periods that some plants lost all of their foliage. Under enphytotic con- 
ditions, which ordinarily prevail, this loss is not more than 30 per cent. 
Occasionally, soft-rot organisms invade the roots through the severely 
blighted leaves, the resulting root decay contributing substantially to the 
economic loss. 

SYMPTOMS 

The initial symptoms of the disease appears as light-brown lesions on the 
tips of the older leaves. These ordinarily appear after August 1, when the 
plants are nearly half -matured. Soon thereafter, minute, light-brown, 
necrotic spots, surrounded by light-green areas develop on the leaf blades 
(Fig. 1, A), Later, these lesions enlarge until they are from 3 to 4 mm. 


Pig. 1. Symptoms of stemphylium leaf-spot disease of Tragopogon porrifoUus (cul- 
tivated salsify). A, incipient and B, advanced stages of spotting. 0. Death of foliage; 
resulting from early-season infections. 

in diameter and become cinnamombrown with ashen-gray centers (Fig. 1,. 
B). A reddish-brown exudate, composed mainly of the natural milky juice 
of the plant, sometimes can be found on the smaller lesions on both upper 
and lower leaf surfaces. The larger spots often coalesce and involve con- 
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siderable areas of the leaves. Severely-affected leaves gradually turn yellow 
and wither (Pig. 1, C). 

THE PATHOGEN 

Morphology. The fungus grows readily on potato-dextrose agar and 
forms in both Petri-dish and test-tube cultures a spreading, cottony growth 
marked by faintly-zonate bands of conidiophores and conidia. The my- 
celium is at first light-brown and, finally, a color approaching olive-ocher.® 
The relatively hyaline mycelium ramifies throughout infected leaf tissue, 
transverse growth in the leaf occurring prior to any considerable amount of 
lateral growth. 

The conidiophores, which are borne in fascicles on the superficial my- 
celium, are light-brown, occasionally branched, 4.CMt.5 p wide by 25”'180 p 
long, and swollen at the apex to a diameter of from 6 to 8 p (Pig. 2, D, B). 
The lower two-thirds of the apical swelling is darker than the upper por- 
tion and is thickened by an inner wall. Bach conidiophore bears a single 
apical spore. The conidiophore may continue growth (proliferate) through 
the swollen apex and the scar left by the fallen spore, with a second spore 
produced terminally. This phenomenon results in the formation of so-called 
nodular segments, although not more than two of these have been observed 
on single conidiophores produced either on lesions or in culture. 

The spores are light-brown and minutely verrucose, measure 17-56 x8- 
26 p, are ovoid-oblong to subangular, have one to several longitudinal walls 
and 1-3 transverse walls, and are wdthout appendages or beaks (Pig. 2, C). 
The spores are slightly constricted at the transverse walls. A basal sear is 
visible. Occasionally, on germination in culture, the spores give rise 
directly to conidiophores that proliferate and produce acrogenous spores. 

Aderhold^s^ description of the spores of Sporodesmium scorzonerae 
(inverted club-shape and long-drawn-out, measuring without the appen- 
dage 50-75 X 13.5-16.5 p, and with 10-12 cross walls and 1-2 longitudinal 
walls) leaves no doubt as to the dissimilarity of the two pathogens (Pig. 2, 
A). Archer (2) identified the causal agent of a leaf spot in West Virginia 
:as morphologically similar to if not identical with jS. scorzonerae. The 
irspores measured 18-54 x 7.5-8 p, being somewhat smaller than those de- 
rscribed by Aderhold. An examination of spores found on lesions on the 
^diseased material collected by Archer (No. 4147, Path, and My col. Coll., 
'Bur. of PL Ind., U. S. Dept, of Agr.) lends further proof of the separate 
iidentity of the fungus found on Staten Island (Pig. 2, B). 

'Taxonomy. Cultures of the causal fungus were sent to S. P. Wilt- 
‘shire of the Imperial Mycological Institute, Kew, Bngland, who identified 
it as a species of Stemphylmm (subgenus Enstemphylium) . According to 
him® it differs from the type species {Stemphylmm totryosum Wallr.) only 

3 Ridpfway, B. Color standards and color nomenclature. 43 j)p., 53 colored plates. 
X Washington) 1912. 

See footnote 1. 

■s Personal letter dated April 16, 1940. 





!Pig. 2. A. A copy of a drawing by Aderbold of spores of Sporodesmium scorzonerae 
taken from Soorzonera hispanica (magnification unknown). B. Oamera-lucida drawing 
of spores of S, scorzonerae found on Tragopogon porrifoUus by Archer. 0, D, B. Photo- 
micrographs of spores and sporophores of Stemphylium botryosum var. iragopogoni from 
T, pornf oUus, 
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ill that the spores are longer than is usual for this species (24-39 x 19--31 ja). 
He was unable to obtain peritheeia on exposure of the cultures to light, thus 
confirming the results of similar experiments performed by the writer. Dr. 
Wiltshire writes further that in the absence of the perithecial stage ''per- 
haps the least objectionable course would be to regard it as a strain or 
variety of 8, lotryosum for the time being.’’ Wiltshire^ has stated that if 
his conception of the specific limits is correct, the synonyms of 8. botryosum 
will probably be comparatively numerous. For example, he considers this 
name to be synonymous with Macrosporium sarcinula Berk. (M. par asiti- 
cim Thiim.), which has a wide range of suscepts. Under these conditions, 
it would seem unwise to create a new species on the basis of spore measure- 
ments alone, without first making numerous cross inoculations. Therefore, 
it is proposed that the name Stemphylmm botryosum Wallr. Tragopogoni 
n. var. be assigned provisionally to this pathogen on Tragopogon porri- 
folius. 

Stemphylium botryosum Wallr. tragopogoni ii. var. Mycelial mat spreading, cot- 
tony, faintly zonate, at first light-brown, finally olive-ocher; hyphae septate, branching, 
light-brown, 3. 0-3.5 ^ thick; conidiophores arising in fascicles from superficial mycelium, 
light brown, occasionally branched, swollen at the apex to a diameter of 6-8 g, prolifer- 
ating through the apex and fallen spore scar, 4.0-5.5 p, wide by 25-180 p, long; eonidia 
borne acrogenously, light brown, minutely verrucose, 17-56 x 8-26 p,, ovoid-oblong to sub- 
angular, 1 to several longitudinal walls and 1-3 transverse walls, constricted at the trans- 
verse walls, basal scar visible. 

Type material (infected leaves of Tragopogon porrifoUus and dried agar cultures) 
has been deposited in the herbarium of the Department of Plant Pathology, Cornell 
University (Accession ISTo. 25439). 

PATHOGENICITY 

The pathogenicity of the fungus has been demonstrated repeatedly by 
inoculating the leaves of potted salsify plants with spore suspensions from 
single-spore and mass cultures. These plants were then maintained under 
bell glasses at high humidity and at temperatures of 21-27° C. The first 
symptoms, consisting of small, water-soaked, irregular areas, became evi- 
dent within 24 to 36 hours after inoculation. The bell glasses then were 
removed, and within another 24 hours small, brown spots appeared on these 
hydrotic areas. If the bell glasses wTre not removed, eonidia were pro- 
duced on the infected areas within 72 hours after inoculation. Lesions also 
developed if blocks of agar bearing the mycelium, alone, were placed on the 
leaves. 

EFFECT OP TEMPERATURE ON GROWTH AND SPORE PRODUCTION 

The pathogen grows most rapidly and fruits most abundantly at mod- 
erately high temperatures. The fungus was grown on 2 per cent potato- 
dextrose agar (pH 6.5) in triplicated Petri dishes at temperatures ranging 
from 6° C. to 33° C. The average colonial diameters in millimeters after 
10 days were as follows: 6°, no growth; 9°, 17; 12°, 23; 15°, 30; 18°, 44; 
21°, 55; 24°, 80; 27°, 52; 30°, 38; 33°, no growth. Spore production was 

8 Wiltshire, S. P. The original and modem conceptions of Stemphylium. Trans. 
British Myeol. Soc. 21: 211-239. 1938. 
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correlated closely with growth: no spores forming either below 15° C. or 
above 30° G. and the maximum number between 21° and 27° C. Variations 
in chromogenesis in the media were marked throughout the above tempera- 
ture series: dark green at 9° C., through yellowish-brown at 24° 0. to pink 
at 30° C. 

SEED TRANSMISSION 

In order to determine if salsify seed is susceptible to invasion by the 
pathogen under artificial conditions, and, therefore, • a possible agent of 
transmission, flowers in full bloom in the greenhouse were atomized with 
spore suspensions of the fungus. The flowers were then enclosed for 36 
hours in cellophane bags containing moistened cotton. The bags were then 
removed and the seed allowed to mature in the flowers. Following harvest 
the seed was stored in a dry place for 2 months. At the expiration of this 
period, 100 of these seeds were given individually an instantaneous dip in 
95 per cent alcohol, rinsed immediately in water and treated in calcium 
hypochlorite solution (1 : 14) for 5 minutes. Following this treatment they 
were planted on potato-dextrose agar. Cultures of the pathogen were ob- 
tained from 80 per cent of the seed. Four months after harvest another 
lot of this seed was disinfested as above and planted on agar. None yielded 
cultures of the pathogen. Germination tests made immediately after har- 
vest showed that only 5 per cent of the inoculated seeds were viable, while 
tests made again at the end of 4 months revealed that by this time none of 
the seed was viable. Similar tests with seed from noninoeulated and un- 
bagged flowers showed that 70 per cent of the seed germinated immediately 
after harvest and 65 per cent at the end of 4 months after harvest. These 
results indicate that under certain artificial conditions, not conducive to 
normal development of the seed, the fungus can penetrate the seed coat and 
remain alive for relatively short periods of time. 

There is no evidence that the pathogen is carried in or on commercial 
seed despite the demonstrated susceptibility of the seed under abnormal 
conditions. Fresh seed was obtained from 12 seed companies and from 
growers on whose farms the disease is enphytotic. Equal representative 
samples from each lot were either planted in agar or sown in steam-ster- 
ilized soil. In some instances the seed was sown without treatment ; in 
others it was disinfested either in calcium hypochlorite solution (1:14) 
for 5 minutes or HgCL solution (1 : 1000) for 5 minutes followed by two 
rinses in sterile water. The pathogen was never recovered from the culture 
media or isolated from the seedlings. 

In other experiments, seed from growers' stocks was sown on farms 
which had not grown salsify for 10 or more years and wdiich were at least 

mile from the nearest commercial planting. The resulting plants re- 
mained healthy throughout the season. If, however, old, blighted leaves 
were raked into the soil around some of the young seedlings, blight developed 
on these plants by the latter part of August. When this seed was sown 
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on farms that had grown salsify year after year, blight appeared on the 
resulting plants in due course. 

It would seem that transmission of the pathogen in or on commercial 
seed, if it ever occurs, is comparatively unimportant in the life history of 
the fungus. The fact that the disease appears to be confined almost entirely 
to Staten Island is a further indication of the minor role played by the seed 
in the dissemination of the pathogen. 

SOIL-BORNE INOCULUM 

It has been established through experiment that the fungus is capable 
of overwintering for at least a year on blighted leaves in the field. Severely- 
diseased salsify leaves were wrapped in cheesecloth and buried 3 in. below 
the surface of the soil on Staten Island in late October. Part of the leaves 
were dug up in July of the following year. One portion was strewn over 
the leaves of five 6-month-old, potted salsify plants, while a second portion 
was sterilized in an autoclave before being scattered over a similar series of 
plants. All plants, including noncontaminated checks, were sprayed with 
water and placed in an incubation chamber under near optimum conditions 
for infection. Symptoms of blight developed only on those plants con- 
taminated with nonsterilized, blighted leaves. No stromatic tissue was 
observed in or on the overwintered leaves although viable spores were 
found immediately after the leaves were taken from the ground. The re- 
mainder of the buried leaves was left in the ground for an additional 12 
months. Inoculation experiments, similar to those detailed above, demon- 
strated that the pathogen was no longer capable of causing infection. 
Spores could not be found. It is likely that, under some conditions, the 
longevity of the pathogen in the soil exceeds one year. In any event, the 
amount and disposition of soil-borne inoculum is believed to be an impor- 
tant factor in conditioning the prevalence and severity of the disease. 

CONTROL 

Control experiments have been directed mainly toward finding a pro- 
tective fungicide for the foliage. As a result it has been found that the dis- 
ease can be controlled readily by spraying with Bordeaux mixture if appli- 
cations are begun before the older leaves bend over to the ground. Pre- 
liminary laboratory and field tests revealed that both 325-mesh sulphur dust 
and wettable-sulphur sprays were relatively ineffective in preventing spore 
germination. Copper-lime dust (20-80) was highly toxic to the spores in 
laboratory tests but did not give satisfactory control in the field because the 
dew forms in droplets on the waxy-leaf surfaces instead of in a continuous 
film. Bordeaux mixture (4r-4r-50) and Cuprocide 54 (Rohm and Haas) 
(If lb. to 50 gal. water) gave excellent coverage when amended with suit- 
able spreading agents. The best spreaders (1:400) were Pyrolene M.P. 
(Standard Agricultural Chemicals) and IJltrawet (Atlantic Kefining Co.). 
Others tested were Penetrol (Kay Pries Chemicals), Stantex spreader soap 
(Standard Agricultural Chemicals), Grasselli sticker and spreader, Grasselli 
IN-438 (sodium oleyl sulphate), and Santomerse (Monsanto Chemical Co.). 
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In a series of experiments in 1938 Bordeaux mixture and Cnproeide 54 
were applied with a knapsack sprayer, commencing on July 7 when the 
plants were from 6 to 10 in. tall, and continuing at weekly or biweekly 
intervals until Oct. 5, 1 week before harvest.’' Treatments were replicated 
twice on each of 3 farms with individual plots measuring approximately 
10 sq. ft. Data were taken at harvest on the average number of spots per 
leaf, including both healthy and diseased leaves, on 10 plants chosen at 
random in each plot. There was no significant difference in this respect 
between plots receiving weekly applications of either Bordeaux or Cupro- 
cide 54 and those sprayed biweekly. Plants sprayed biweekly with Bor- 
deaux had fewer lesions (1.3 per leaf) than either those sprayed with 
Cnproeide 54 (6.1) or the nonsprayed checks (11.6). On the basis of root 
weights correlated with the number of roots required to make a bunch, Bor- 
deaux- and Cuprocide-treated plots yielded approximately 200 more bunches 
to the acre than did the checks. There was no appreciable yield difference 
between these two treatments, 

SUMMARY 

An apparently undescribed leaf spot of cultivated salsify, Tragopogon 
porrifoUuSj caused by a variety of StempJiylium 'botryosum, occurs com- 
monly in commercial plantings on Staten Island, New York. T. prat ensis 
(goat’s beard), a common weed, inoculated with the causal fungus, proved 
susceptible. 

The most prominent symptoms are small, light-brown, necrotic spots 
that cause affected leaves to turn yellow and wither. 

The pathogen is morphologically unlike Sporodesmium scorzonerae, 
previously reported on T. porrifolius and Scorzonera hispanica, and is 
described herein as Stemphylium lotryosum Wallr. tragopogoni, n. var. 

Under optimum conditions of temperature and humidity, inoculation 
of the suscept results in the formation of lesions within 48 to 60 hours. The 
optimum temperature for growth and spore production in culture is 
between 21 and 27° C. 

There is some experimental evidence that commercial seed is not an 
important factor in the overwintering and dissemination of the pathogen. 

Soil-borne inoculum, provided by old, blighted leaves from the previous 
crop, is believed largely responsible for the enphytotic occurrence of the 
disease. 

The disease can be controlled readily through biweekly applications of 
Bordeaux mixture or Cuprocide 54, provided the spraying program is 
begun before the older leaves bend over to the ground and provided a suit- 
able spreader is used. 

Department of Plant Pathology, 

Cornell University, 

Ithaca, New York 

7 The common practice on Staten Island is to harvest most of the crop before the 
first killing frost. The roots are sold in the New York City market in bunches of from 
10 to 20 each. 


VARIABILITY IN REACTION OF WHEAT DIFFERENTIAL. 
VARIETIES TO PHYSIOLOGIC RACES OF TILLETIA 
LEVIS AND T. TRITICI^ 

H. A. Eodenhiser and 0. S. Holton^ 

(Accepted for publication May 25, 1941) 

INTRODUCTION 

Experiments previously reported (2) gave evidence that environmental 
factors may affect the response of certain varieties to some races of the bunt 
fungi. In those experiments race 2 of Tilletia levis Kiihn produced 77 per 
cent infection on Turkey wheat (C.I. 6175) at Pullman, Washington, as con- 
trasted with 16 per cent infection w^hen the same lot of inoculated seed was 
sown at Kearneysville, West Virginia. Similar differences were obtained 
with races L~1 and L-4. Five other races of T. levis, however, showed no 
notable differences at the two locations in their reaction on Turkey. The 
fact that Hybrid 128 (C-I. 4512) gave the same reaction to all of the races 
tested both at Kearneysville and at Pullman suggested that the environ- 
mental effect was expressed only in the reaction of certain varieties to cer- 
tain races. Obviously, this has a direct bearing on race classification in the 
bunt fungi. It seemed desirable, therefore, to investigate the problem in 
detail, particularly with reference to the identification and classification of 
physiologic races. This paper presents the results of tests that were made 
to determine the range of variability in the reaction of spring wheat differ- 
ential varieties to certain races of T. levis and T. triticA (Bjerk.) Wint. 

MATERIALS AND METHODS 

Lots of each of the 3 spring wheat differential varieties, Ulka (C.I. 
11478), Marquis (C.I. 3641), and Canus (C.I. 11637), were inoculated indi- 
vidually with chlamydospores of each of 7 physiologic races of Tilletia levis 
and of 7 physiologic races of T. tritici and then grown at 5 experiment sta- 
tions in 1937 and 7 stations in 1938. Seed of each variety was grown at 
Pullman, Washington, in 1936 and used as the stock for succeeding years ^ 
tests. Before inoculation it was treated with formaldehyde according to 
the standard dip method, thoroughly washed with water to remove all traces 
of formaldehyde, and allowed to dry. Inoculum of each race used was in- 
creased on its differential host each year at Pullman, and then stored during 
the winter at 10° C. Powdered inoculum of each of the races was applied 
at the rate of 0.5 g. to 100 g. of seed. To insure a uniform spore load suffi- 
cient seed of each variety was inoculated in one lot then divided for tests at 
the several stations. In 1937 and 1938 the inoculated seed was spring-sown 

1 Coop^ative investigations between the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, D. S, Department of Agriculture, and the Idaho, Minnesota, 
Montana, Oregon, Utah and Washington Agricultural Experiment Stations. 

2 Pathologist and Associate Pathologist, respectively, Division of Cereal Crops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agriculture. 
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at the rate of 5 g. to the row in duplicate 5-foot rows at Arlington, Virginia; 
Bozeman, Montana; Aberdeen, Idaho; and Pullman; and at the same rate 
in fall sowings at Pendleton, Oregon. Tests at Logan, Utah, and at St. 
Paul, Minnesota, were added to the list of spring seedings in 1938. The 
smut percentages shown were based on counts of the total number of healthy 
and infected heads in each row. Fractional percentages of 0.5 or more were 
recorded as 1 per cent; those below this fraction w’^ere disregarded. 

EXPERIMENTAL RESULTS 

Races of Tilletia levis 

Data on the reaction of Ulka, Marquis, and Canus to 7 races of Tilletia 
levis are recorded in table 1. It will be noted that Ulka, used as a check 
variety, was highly susceptible to each of the races at all of the stations in 
both seasons. Furthermore, there were no outsanding differences in the 
percentages of infection on this variety in different localities nor in the 2 
seasons in which the tests were made at any one station. A possible exception 
is Pullman, Washington, where the average for all races was 74 per cent in 
1937 as compared with 97 per cent in 1938. The virulence of all races at 
this station was, however, uniformly less in 1937 than in 1938 ; and it seems 
probable that this difference resulted from the less favorable conditions for 
infection in 1937. 

In contrast to the uniform reaction of Ulka, Marquis was extremely 
variable in the tests in different localities and to some extent in different 
years, at least at one station. Thus, in 1937, the average percentage of 
infection on Marquis for all races, was 7 at Arlington, Virginia, 15 at Pull- 
man, Washington, 39 at Bozeman, Montana, and 57 at Aberdeen, Idaho. 
Likewise, in 1938, there was a wide range in the general averages of infec- 
tion in different localities. The average infection with all races was only 6 
per cent at St. Paul and 7 per cent at Arlington, but at Aberdeen the aver- 
age was above 50 per cent. The reaction of Marquis to L-3 illustrates the 
extreme variability that may occur in the response of this variety to an 
individual race. In 1937 there was 5 per cent infection at Arlington as 
compared with 12 per cent at Pullman, 46 per cent at Bozeman, and 64 per 
cent at Aberdeen. Thus, according to the system of race classification 
adopted by the writers (2), the above reactions would be classified as re- 
sistant, intermediate, or susceptible, depending upon the locality in which 
the test was made. Where Marquis was tested with the 7 races of Tilletia 
levis for 2 years at the same stations the results were constant at certain 
stations and A-ariable at others. The differences in infection percentages at 
Arlington and Aberdeen between 1937 and 1938 were slight. At Pullman, 
the average infection was 15 per cent in 1937 and 33 per cent in 1938. It 
seems likely, however, that the difference was due, as in the case of Ulka, to 
less favorable conditions for infection in 1937. At Bozeman, the seasonal 
response was very marked. The average infection on Ulka was 87 per cent 
in both years. On Marquis, however, the average percentage of infection 
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TABLE 1. — Infection of XJlka, Marquis and Canus ly seven physiologic races of 
Tilletia levis in different localities m 1937 and 1938 


Race 

ISTo. 

Smut infection at 

Arling- 
ton, Va. 

Aberdeen, 

Ida. 

Pullman, 

Wash. 

Bozeman, 

Mont. 

Logan, 

Utah 

St. Paul, 
Minn. , 

Pendle- 
ton, a Oreg. 

1937 

1938 

1937 

1938 

1937 

1938 

1937 

1938 

1937 

1938 

1937 

1938 

1937 

1938 


Fer 

cent\ 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 


Ulka 


L-1 

82 

86 

97 

98 

85 

97 

93 

90 


95 


76 

86 

93 

ljr-2 

76 

88 

97 

98 

74 

98 

89 

88 


94 


68 

89 

93 

L-3 

83 

91 

97 

98 

77 

99 

78 

89 


95 


90 

95 

94 

L-4 

86 

88 

96 

98 

73 

97 

90 

89 


94 


65 

93 

83 

L-5 

94 

91 

96 

95 

71 

94 

89 

91 


97 


66 

95 

88 

L-7 i 

95 

86 

97 

81 

65 

97 

84 

80 , 


97 


93 

60 

98 

L-8 ! 

92 

90 

98 

92 

71 

99 

82 

83 


92 


74 

94 

97 

Av. all 
races 

87 

89 

97 

94 

74 

97 

87 

87 


95 


76 

87 

92 


Marquis 


L-1 ! 

10 

4 

38 

53 I 

18 

28 

30 

11 


15 


1 2 

30 

71 

L-2 

9 

15 

81 

64 1 

38 

48 

57 

32 


21 


14 

61 

82 

Li— 3 

5 

15 

64 

53 

12 

40 

46 

20 


50 


3 

56 

79 

L~4 

11 

5 

37 

51 

12 

30 

37 

16 1 


30 


7 

51 

76 

L-5 

7 

17 

70 

48 I 

8 i 

21 

47 

17 1 


36 


3 

37 1 

74 

L~7 

1 

7 

34 

37 ! 

9 

18 

14 

14 

i 

25 


3 

32 ! 

67 

L-8 

5 

13 

72 

48 

10 

46 

40 1 

15 

! 

30 


8 

55 

83 

Av. all 
races 

7 

11 

57 

51 

15 

33 1 

39 

18 


30 


6 

46 

76 


Canus 


L-1 

0 

1 1 

1 

4 i 

2 

2 

3 

3 


0 


1 

4 

26 

L-2 

0 

i 0 

1 

3 i 

1 

0 

6 

0 


0 


1 i 

13 

27 

L-3 

21 

30 

59 

58 1 

29 

46 

64 

32 


44 


9 

68 

81 

L-4 

0 

0 

1 

0 

0 

0 

2 

0 


0 


1 ! 

6 

12 

L-5 

0 

5 

8 

23 

1 

8 

14 

7 


17 


1 

10 

28 

L-7 

13 

26 

67 

59 

25 

30 

69 

29 


31 


13 

55 

84 

L-8 

Av. all 

27 

42 

66 

60 

49 

32 

77 

33 


44 


10 

65 

87 

races 

9 

15 

29 

30 

15 

17 

33 

15 


19 


5 

32 1 

49 


a Fall-sown. 


for all races was 39 in 1937 and only 18 in 1938, and the percentage of infec- 
tion with some of the races differed widely in the two seasons. On the basis 
of the uniform infection of TJlka, it seems evident that the variability in 
the infection of Marquis in the two seasons was due to the effect of environ- 
ment on the host rather than on the bunt fungi. Furthermore, the environ- 
mental effect seemed more marked with certain races than with others. For 
example, L-7 produced 14 per cent bunt on Marquis in both years, while 
L-S produced 40 per cent in 1937 and only 18 per cent in 1938. 

Unlike Marquis, which was highly variable in its reaction to all of the 
races, Canus was constant in its reaction to certain races in different locali- 
ties. As shown in table 1, the resistance of Canus to L-1, L--2, and L~4 was 
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maintained in all localities both years. Like Marquis, however, it was vari- 
able in its reaction to those races to which it is susceptible. For example, 
on the basis of the 1938 results with L--3, Canus would be classed as resistant 
at St. Paul, intermediate at Bozeman and Arlington, and susceptible at 
Pullman and Aberdeen. Canus was relatively conltant in its seasonal 
reaction at Arlington, Aberdeen, and Pullman. However, in Canus as in 
Marquis, the average percentages of infection at Bozeman were much higher 
in 1937 than in 1938. 

Eaces of Tilletia tritici 

The tests with races of Tilletia tritici appear to corroborate the results 
obtained with races of T, levis. As shown in table 2, Ulka was, in general, 


TABLE 2. — Infection of Ulha, Marquis, and Canus wheats hy seven physiologic races 
of Tilletia tritici in different localities in 1937 and 1938 


Eaee 

No. 

Smut infection at 

Arling- 
ton, Va. 

Aberdeen, 

Ida. 

Pullman, 

Wash. 

Bozeman, 

Mont. 

Logan, 

Utah 

St. Paul, 
Minn. 

Pendleton, 

Oreg. 

1937 

1938 

1937, 

1938 

1937 

1938 

1937 

1938 

1937 

1938 

1937 

1938 

1937 

1938 


Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 
\ cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 


Ulka 


T-3 

82 

72 

97 1 

84 

74 

98 

94 

89 


93 


68 

89 

86 

T-4 

93 

81 

99 

93 

81 

98 

93 

91 


93 


91 

87 

93 

T-5 

87 

74 

98 

97 

78 

96 

89 

89 


84 


83 

85 

96 

T-7 

87 

76 

96 

97 

62 

99 

91 

90 


96 


63 

89 

93 

T-8 

72 

70 

96 

97 

56 

88 

91 

87 


92 


50 

85 

92 

T-9 

93 

79 

93 

98 

76 

96 

73 

79 


88 


63 

91 

95 

T-10 

6 

4 

13 

13 

28 

11 

3 

13 


6 


2 

5 

65 

Av. all 
races 

74 

65 

85 

83 

65 

84 

76 

77 


79 


60 j 

76 j 

89 


Marquis 


T~3 

12 

7 

54 

42 

19 

22 

54 

17 


22 


4 

25 

85 

T-4 

15 

6 

84 

59 

25 

30 

47 

16 


27 


3 

40 

76 

T~5 

5 

4 

53 

49 

29 

38 

44 

19 


37 


2 

42 

80 

T-7 

9 

5 

73 

55 

11 

31 

56 

21 


27 


4 

35 

68 

T-8 

6 

3 

70 

52 

20 

30 

59 

14 


14 


2 

45 

84 

T-9 

4 

1 

11 

10 

1 

7 

9 

4 


5 


1 

15 

58 

T-10 

■'.3 

5 

41 

44 


33 

28 

10 


25 


2 

33 

78 

Av. all 
races 

3 

4 ' 

55 

44 

16 

27- 

42 

14 

1 

22 


3 

34 

76 


Canus 


T-3 

17 

14 

41 

47 

39 

32 

63 

20 


29 


14 

27 

74 

T-4 

0 

0 

2 

0 

0 

0 

4 

0 


0 


1 

3 

17 

T-5 

16 

11 

62 

47 

59 

32 

58 

25 


35 



8 

43 

74 

T-7 

1 

1 

15 

15 

4 

8 

16 

4 


7 


3 

4 

52 

T-8 

19 

24 

60 

48 

14 

40 

60 

18 


30 


11 

52 

77 

T-9 

■'1 

0 

4 

1 

8 

0 

3 

0 


1 


0 

5 

20 

T-10 

Av. all 

0 

6 

1 

0 

1 

0 

1 

0 


0 

...... 

0 

3 

32 

races 

8 

8 

26 

23 

18 

16 

29 

10 


15 


5 

20 

49 
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consistent in its reaction to races of T. triiici in all of the tests. On the 
Other hand, the reactions of Marquis and Canus were rather variable ; and 
as in the case of T. levis, the variability is expressed in the reaction with 
certain races and not with others. Both Marquis and Canus were fairly 
consistent in their reaction to the individual races in the 2 years at Arling- 
ton, Aberdeen, and PtiTlman, but at Bozeman the response of these varieties 
to certain races was not the same both years. 

Some of the effects of different races of T. tritici are noteworthy. Under 
certain conditions, upon nearing maturity, Ulka tends to become purplish- 
brown in the glumes and on part of the neck. When infected with some 
races, particularly T-10, this pigmentation is greatly intensified. At Aber- 
deen, Idaho, only 13 per cent of the culms from seed inoculated with T-10 
produced smut balls in the head. However, many other heads were ob- 
served with the intensified pigmentation and with small shrunken grains, 
which indicated that the smut mycelium was in the plant but had failed to 
develop chlamydospores in the ovaries. A similar condition was noted at 
Bozeman. It thus seems evident that Ulka is more susceptible to race T-10 
than is indicated by the percentages of infection shown in table 2. 

As previously stated, Canus is resistant to 3 races of Tilletia levis^ and 
the resistance was maintained when tested in different localities or years. 
Similar results were obtained with the T. iritici races, T-4, T-9, and T-10 
on Canus and with T-9 on Marquis. However, in the races of T, tritici to 
which the 2 varieties are susceptible, the variability was very marked, and 
at Bozeman results diftei*ed in the 2 years. At the other stations the be- 
havior in the 2 years was fairly constant. At Bozeman the average infec- 
tion for all races was 42 per cent in 1937 as compared with 14 per cent in 
1938. Again, it appears that this variability was due to the effect of en- 
vironment on the host rather than on the fungi, as tests with Ulka indicate 
that the chlamydospores of all races had an equally high degree of viability 
in both seasons. Canus was affected in a similar manner, as evidenced by 
the results involving the races to which that variety is susceptible. 

The percentages of infection recorded in tables 1 and 2 are based upon 
the average of counts in duplicate rows. It seemed desirable, therefore, to 
check the results with more replications. The three varieties were tested 
in 1939 with L-2, L-7, T-4, and T-5 in five replications in spring plantings 
at Arlington, Bozeman, Aberdeen, Pullman, and Logan. These data, re- 
corded in table 3, clearly corroborate the results of previous tests. Ulka 
was uniformly susceptible to each of the 4 races; but both Marquis and 
Canus were again variable in their response to certain races and could be 
classed as resistant, intermediate, or susceptible, depending upon the local- 
ity in which the test was made. It will be noted that Canus again main- 
tained a high degree of resistance to races L-2 and T-4 at all stations. 

There is evidence that certain spring wheat varieties are less susceptible 
to bunt when planted in the spring than in the fall. In this connection, 
when Hope (C.I. 8178) was spring-sown at Bozeman in 1936 and 1937, it 
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table 3. — Average infection of Ulkaf Marquis, and Ganns wheats inoculated with 
two races of Tilletia levis and two of T. tritici, and tested in five replications in dif event 
localities in 19S9 


Eace 

No. 



Smut infection a 



Yariety 

Arlington, 

Ya. 

Aberdeen, 

Ida. 

Pullman, 

Wash. 



Bozeman, 

Mont. 

Logan, 

Utah 

1^2 

Ulka 

Fer cent 

93.9 

Per cent 

94.0 

Percent 
93.3 a 

Per cent 

67.0 

Per cent 

87.3 

L-7 


91.4 

92.2 

93.4 

65.5 

87.1 

T-4 


92.1 

92.4 

95.7 

67.7 

93.1 ' 

T-5 


89.4 

91.7 

94.4 

72.1 

85.1 

L-2 

Marquis 

9.7 

67.1 

77.2a 

26.2 

22.9 

L-7 

1.5 ! 

30.2 

41.5 ’ 

17.0 

9.0 

T-4 


4.7 

41.7 

62.4 

21.1 

7.2 

T-5 


8.4 

49.6 

56.3 

23.0 

10.0 

L-2 

Canus 

0.5 

0.0 

0.0a 

0.0 

0.0 

L-7 


8.0 

44.2 

38.0 

25.7 

13.6 

T-4 


0.0 

1.1 

j 0.2 

0.0 

0.0 

T-5 


4.9 

36.0 

46.0 

23.2 

14.4 


a Average of 4 replications. 


was higMy resistant to each of the races listed in tables 1 and 2. However, 
when fall-sown at Pendleton in 1938, this variety was completely susceptible 
to all of the races of Tilletia levis as well as to races T-8, T-9, and T-10 of 
T. tritici and was intermediate in reaction to T— 3, T-4, T— 5 and T— 6. These 
results are in agreement with those reported by Heald and Gaines (1) and 
Smith (3, 4). In the experiment here reported the wheats were fall-sown 
at Pendleton, Oregon, in tests otherwise comparable to those from spring 
seeding at the other stations. The percentages of infection on Ulka at 
Pendleton with all races except T-10 (tables 1 and 2), were approximately 
the same as at the spring- wheat stations. There were some noteworthy dif- 
ferences, however, in the smut reactions on Marquis and on Canus. On 
these two varieties the average percentages of infection in 1938 were higher 
at Pendleton than in the other tests made from spring seedings. The per- 
centages at Pendleton were lower in 1937 than in 1938, but approximately 
equal to or higher than those obtained at 3 of the 4 other stations. The im- 
portant differences between reaction under fall and spring-seeding condi- 
tions are expressed with certain races. It has previously been noted that 
Canus maintained its resistance to several races at all of the spring wheat 
stations. When tested under fall-sowing conditions at Pendleton, however, 
the resistance was broken down to some extent, particularly in 1938. The 
average percentage infection of Canus with L— 2 at all the spring-wheat 
stations in 1938 was 0.7 as compared with 27 at Pendleton. With L-4, the 
corresponding differences were 0.2 and 12 per cent and with T-7, 6.3 and 
52 per cent. The breakdown in resistance of Marquis to race T-9 in 1938 
was also marked, the average percentage infection for the spring-wheat 
stations being 4.7 in contrast to 58 for the tests at Pendleton. 

The explanation for the differential response of varieties to individual 
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races of the bunt fungi under different environmental conditions is largely 
speculative. Kesults reported by Woolman (5) and corroborated in pre- 
liminary tests by the writers, indicate that the bunt fungi enter the epi- 
dermis of seedlings of both susceptible and resistant varieties with equal 
facility. It appears then that the extent to which these fungi may set up 
parasitic relationships with the host depends upon the physiologic condi- 
tion of the protoplasm: This protoplasmic resistance or susceptibility is 
doubtless governed by definite genetic factors, but the expression of these 
factors may be modified by environment. Thus it would be expected that 
certain varieties would differ in response to certain races when grown under 
different environmental conditions. Inasmuch as Ulka was uniform in its 
response to each of the races when spring-sown in the different localities, it 
would appear that the variability in response of Marquis and Canus when 
grown under different environmental conditions was due primarily to the 
effect of environment on the host rather than on the fungi. Somewhat less 
probable explanations are that the variability may have resulted from 
‘^varietal screening’’ of the races of fungi or from differential effect of 
environment on different biotypes. 

SUMMARY AND CONCLUSIONS 

Bunt experiments at 7 experiment stations demonstrate that a differ- 
ence in environmental conditions may affect the response of some spring- 
wheat varieties to certain races of Tilletia levis and T. tritici. The effect 
is not evident, however, in the reaction of some varieties with certain other 
races. The Ulka variety was constant in its reaction at all stations when 
inoculated with the races to which it is susceptible. Marquis, on the other 
hand, was so variable in its response to certain races at different stations, 
that, according to the race classification used by the writers, this variety 
would be classed as resistant, intermediate, or susceptible to those races, 
depending upon the location of the tests. In contrast, this variety main- 
tained a high degree of resistance to race T-9 at all stations where the wheat 
was sown in the spring. Canus was variable in its response in the different 
localities to the races to which that variety is susceptible but was constant 
in reaction to the races to which it is resistant. 

The most probable explanation for the differential response of varieties 
to individual races of the bunt fungi under different environmental condi- 
tions is that the expression of genetic factors for protoplasmic resistance 
in the host is modified differently in the different varieties by environment. 
That is, the host rather than the fungi showed the primary effect of environ- 
ment. 

The data obtained tend to increase the complexity of race identification 
and of testing for smut resistance in spring wheats. At two stations rela- 
tively high percentages of infection were obtained on the susceptible check 
variety, Ulka; and some differences seem evident in the pathogenicity of 
certain races on Marquis and Canus. At three other stations the separation 
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of tlie races was more distinct, while at Aberdeen the environmental condi- 
tions were nearly optimum for infection and for demonstrating the poten- 
tialities of individual races. It is evident from the data obtained that tests 
for varietal resistance should not be confined to a single area as it is possible 
for a race to be relatively innocuous under what appears to be optimum 
conditions for infection and then to assume major importance in another 
environment. 

Bureau op Plant Industry^, 

U. S. Department op Agriculture, 

Washington, D. C. 
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A LABOEATORY APPARATUS FOR STUDYING SETTLING 
RATE AND FRACTIONATION OF DUSTS 

John W. Heubergeri and Neely Turners 
(Accepted for publication May 23, 1941) 

INTRODUCTION 

At the outset of research on dusting it became necessary to design a 
laboratory apparatus to study settling rate and fractionation of dust clouds. 
Apparatus previously described^ (1, 2, 3, 4, 5, 6) were not entirely suited 
for such studies. Accordingly, an apparatus was designed embodying the 
following features: a simple method of introducing dust into a settling 
tower, a '‘magazine’’ (charge tube) from which practically instantaneous 
and complete discharge of dust could be obtained by an air blast, and an 
exposure chamber at the base of the settling tower by which slides or leaves 
could be serially exposed to the dust cloud. This apparatus has been found 
to give consistent results. 

DESCRIPTION OP THE APPARATUS 

The Settling Tower 

The tower was made of cellulose acetate film supported by 3 rings cut 
from plywood and suitably braced (Pigs. 1, 2). The top was sealed by 
cardboard. The tower is 6 feet high and 10 inches in diameter, the cross 
sectional area being 78,54 sq. in. A 1-in. projection of the film was left at 
the bottom, below the last ring, to fit into the top of the exposure chamber. 
This tower is similar in many respects to that developed at Ohio State 
University.^' ^ 

When in use the tower is grounded"^ by wetting the film with a 10 per 
cent calcium chloride solution, placing a strip of tinfoil around the base, 
and attaching a grounded copper wire to the tinfoil. This eliminates 
trouble from static electricity. 

Exposure Chamber for Making Serial Exposures 

This can be made any size, as long as its cross sectional area is larger 
than that of the tower. The one constructed (Pigs. 1, 2) is 18 in. square 
and 6.5 in. high, A hole is cut in the top just large enough to allow the 
1-in. projection of the film to fit snugly. 

One in. from the top of the chamber a slot is cut to allow for a shutter ; 
this shutter fits into a slot at the back to hold it in place. 

1 Plant Pathologist, Crop Protection Institute, in cooperation with the Conneeticut 
Agricultural Experiment Station. 

2 Assistant Entomologist, Dept, of Entomology, Conn. Agr. Exp. Sta. 

3 Anonymous. Application of insecticides to leaves in controlled quantity. Ohio 
State University, Columbus, Ohio. (Mimeographed paper.) 

4 This tower is described anonymously in a mimeographed paper. This paper was 
secured through the courtesy of Dr. H. A. Waters, Ohio State University Research Founda- 
tion, Columbus, Ohio. 
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Fig. 1. General view of complete apparatus. A-F, Basal part of tower : A. Cellu- 
lose acetate film; B. Tin foil strip; C. Basal plywood ring; D. Plywood strip for sup- 
port ; E. Clamp for holding copper tube inserted in tower ; F. Fine copper wire from tin 
foil to ground on water pipes. G-J. Mechanism for introducing dust into the tower: 
G. Push button air valve; H. Magazine (charge tube) for holding dust; I. Pinch clamp; 
J. Rubber tube leading from outlet end of magazine to copper tube inserted in the tower. 
K-L. Exposure chamber: K. Shutter; L. Aluminum slide holders. 

In the front of the chamber, 1.25 in. below the slot for the shutter, a 
rectangular area, 12.75 x 3 in., is ent out to allow for the insertion of a 
drawer (Fig. 2). When in place, this drawer fits into grooves at the sides 


Fig. 2. Eetailed view showing certain features. A, Basal part of tower. B. Expo- 
sure chamber. C. Push button air valve. D. Large rubber tube from air valve, open 
end fits over large end of the dust magazine. E. Slot for shutter. F. Drawer fitting 
into exposure chamber, showing slots for slide holders. G. Dust magazines. 




168 


Phytopathology 


[VoL. 32 


and back of the chamber. The drawer has 5 slots (Figs. 1, 2), each slot 
being 0.25 in. deep and separated by partitions 0.25 in. thick (Fig. 2). 

Sheet aluminum, in. thick, is cut to fit in these slots (Fig. 1) and used 
to hold the slides or leaves to be dusted. The area of the sheets directly 
under the center of the tower is marked so that the slides or leaves can be 
centered. 

By this arrangement, 5 exposures can be made at different times to the 
cloud of dust. 

If small potted plants are to be dusted, all that is necessary is to remove 
the drawer, place the plant in the bottom of the chamber, and close the open- 
ing with a piece of cardboard. 

Dust Magazine 

The dust magazine (charge tube), for instantaneous and uniform dis- 
charge of the dust placed in it, should be of certain construction. Two of 
these are shown in figure 2. For work with relatively large charges, 1 to 
3 grams, the tube should be 7 in. long — ^for 4 inches of its length its inside 
diameter is ^ in., after which it tapers at one end for a distance of approxi- 
mately 1 in. until its inside diameter is i in. for the last 2 inches. For 
smaller charges of dust smaller magazines can be used but they should be 
of the same general construction. The location of this dust magazine is 
described below. 

Various other types of charge tubes were tested and found unsatisfac- 
tory. Those that are just large glass tubing with a cork containing a 
smaller tube at each end, the small- tubing at one end connecting with the 
air supply and the one at the other end being the dust outlet, have been 
found particularly unsatisfactory for two reasons : not all the dust is dis- 
charged and some of it tends to pack at the flat surface of the cork at each 
end. Those tubes that have the outlet end similar to the magazine’’ de- 
scribed above but in which the air enters through a tube in a cork at the 
other end have been found unsatisfactory also, as the dust tends to swirl 
back and pack at the corked end. For practically instantaneous and com- 
plete discharge of dust from the magazine the tube for the entrance of air 
should be of the same diameter as the magazine. 

Method of Introducing Dust Into the Apparatus 

Various methods of introducing dust into the tower were tried. The 
following method was found to give consistent results. 

A copper tube, i in. inside diameter, was inserted into the tower at the 
base through a hole in the cellulose acetate film and held in place by a 
clothes-pin clamp (Fig. 1 ). The tube was bent at a right angle in the cen- 
ter of the tower, the vertical extension of the tube being 2 inches. A rubber 
tube was attached to the end outside the tower (Fig. 1) and connected with 
the outlet end of the dust magazine. A pinch cock was placed in the line 
just below the connection. A large rubber tube (Fig. 2), of the same 
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diameter as the magazine, was fitted over the large (loading) end of the 
magazine, the other end of the tube being connected to the valve^ in the 
air line. This valve operates by a push button. 

The entire apparatus, ready for use, is shown in figure 1. 

The loading of the magazine is simple. The pinch cock is closed, the 
rubber tube removed from the large end, the dust poured into the tube, the 
rubber tube replaced, and the pinch cock opened. 

To eject the dust from the magazine into the tower all that is necessary 
is to push the button in the air valve. All the dust in the magazine is forced 
out practically instantaneously (less than i sec.) by the air blast (15 lb. 
pressure), and is ejected into the tower in less than one-half second. At 
15 lb. pressure most dusts are blown to a height of 5 feet in the tower. 

OPERATION AND USES OP THE APPARATUS 

The settling rate of a dust is determined as follows: Tarred lantern 
slides, 4:" x 3.25'', are placed on each of the 5 slide holders. A known charge 
of dust is placed in the dust magazine. If no settling of the aggregates 
and large particles is desired before exposures are made the top shutter is 
pulled out, thus exposing the first slide. The dust is then ejected into the 
tower by opening the air valve for 1 second, timed with a stop watch or 
metronome. The copper tube is then withdrawn from the center of the 
tower to avoid interference with the dust cloud. At the 5th second the first 
slide holder is pulled out, thus exposing the second slide ; at the 15th second 
the second slide holder is pulled out, exposing the 3rd slide ; the rest of the 
slides are handled in similar fashion for,; the desired time periods. They 
are then weighed to determine the amount of dust deposited at the various 
intervals. The time intervals can be varied to suit conditions or the 
operator. 

If it is desired to allow aggregates and large particles to settle before 
exposures are made, the top shutter is left in while the dust is being ejected 
and is then pulled out at the desired time, exposing the first slide. Expo- 
sures are then made at the desired times as described above. 

When fractionation of the component parts of a dust mixture is studied, 
the procedure is the same as above, except that the deposits are analyzed 
after weighing to determine the percentage of the various ingredients pres- 
ent at the different time intervals. If more or less of one ingredient is 
present than calculated at the different exposure periods, fractionation of 
the mixture has occurred. 

Several other types of studies can be made with this same apparatus. 
These include the deposition of uniform and known amounts of dust on 
leaves or slides for toxicity studies, deposition of dust on wet and dry sur- 
faces for tenacity studies, and the effect of materials such as oil on settling 
rate. 

In using the apparatus it has been found that the deposit of dust is very 

5 Schrader ^ ‘ Blow Gun ’ ^ valve, one-fourth inch, No. 7184. 
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uniform over the exposed area of the slide holder, except for a ring about 
i in. wide at the edge where the deposit is heavier during the first few 
seconds of settling. 

The apparatus should be used in a dimly lighted room, away from sources 
of light and heat, to obviate convection currents in the tower. 

CONSISTENCY OP DATA 

The consistency of data obtained with the apparatus is shown by data 
(Table 1) on the amount of deposit of dust mixtures in a definite time 
period. 


TABLE 1. Consistency of data oMained with the apparaUcSj using mrious dust 
mixtures 


Dust mixturesa 

Exposure 

timeb 

Deposit (13 sq. in.) 

Eep. 1 

Eep. 2 

Eep. 3 

Average 


Sec. 

a. 

G. 

G. 

G. 

Copper-talc (7-93) 

30 

.0416 

.0421 

.0428 

.0422 

Oopper-flour-talc (7-10-83) ...... 

30 

.0405 

.0350 

.0380 

.0378 

Copper-clay (7-93) 

30 

.0340 

.0320 

.0350 

.0337 

Copper-flour-clay (7-10-83) ... 

30 

.0340 

.0340 

.0370 

.0350 


a 1 gram charge of dust used. 

5 second settling period allowed before exposures were made. 


A test was made also on the consistency of data obtained for exposure 
for the first 5 seconds of settlingy.^o presettling being allowed (Table 2). 
Various diluents were used in this work. 


TABLE 2. Consistency of data obtained with the apparatus, exposing slides for a 
short period and using various diluents 


Material^ 

Exposure 

timeb 

Deposit (13 sq. in.) 

Eep. 1 

Eep. 2 

Eep. 3 

; Average 


Sec. 

G, 

G. 

G. 

G. 

Aplite 

5 

.0490 

.0483 

.0430 

.0468 

Cherokee clay 

5 

.0555 

.0565 

.0575 

.0565 

Byrax ABB 

5 

.0295 

.0310 

.0300 

.0301 

Yolelay Bentonite 200M ...... 

5 - 

.0383 

.0416 

.0358 

.0386 


a 1 gram charge of dust used. 
No presettling allowed. 


The data for the replicates agree surprisingly well in view of the fact 
that there are two main soui'ces of error in the use of the apparatus: (a) 
opening the shutter and (b) pulling out the slide holders. 

SUMMARY 

An apparatus is described for use in studying the settling rate and frac- 
tionation of dusts. The features of this apparatus are a settling tower of 
simple design, an exposure chamber for making serial exposures of slides 
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or leaves to the dust cloud in the settling tower, a dust magazine (charge 
tube) from which almost instantaneous and complete discharge can be 
obtained by an air blast, and a simple mechanism for introducing known 
charges of dust into the settling tower. 

Consistent results have been obtained with this apparatus. 

Department of Plant Pathology and Botany^ 

Department op Entomology, 

Connecticut Agricultural Experiment Station, 

New Haven, Connecticut. 
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CBPHALOSPORIUM LEAP SPOT OP DIBPPENBACHIA 

M . B . Linn- 

(Accepted for publication May 19, 1941) 

INTEODUCTION 

Throughout the past 2 years, a leaf spot of Dieffenlach 
(family ^Araeeae), caused by a species of Gephalospo'. 
in greenhouses on Staten Island, New York, 
large and numerous to make unsalable 


ia piota Schott 
<rmm, was prevalent 
The spots were suJffieiently 
„ ... , . approximately 400 out of a total of 

d,000 plants. A comparison of the symptoms of this disease with those of 
the bacterial disease of Dieffenlachia described by McCulloch and Pirone^ 
shows the resemblance between them to be slight. In addition, congo-red 
tests" reveal that bacteria, ordinarily, are not present in the lesions, although 

colonies of saprophytic bacteria sometimes develop in cultures from lesions 
and leaf tissue. 

SYMPTOMS 

The initial infections appear on the young, convolute leaves as tiny 
reddish-brown, circular to elongated lesions (Pig. 1, A). As these leaves 
unroll and expand, the lesions increase in diameter to 6 to 8 mm At this 
stage they are mostly circular in outline and rather sharply delimited by a 
ar -brown border (Pig. 1, B), The central portion is grayish. Elongated 
lesions are found occasionally on the petioles and midribs, and even on the 
stems, under conditions extremely favorable for the development of the 
tungus. Coalescence of the lesions, and yellowing and death of entire leaves 
are, however, rarely encountered under greenhouse eondition.s. 


)i Dieffenbaehia. Phyto- 
Phytopath. 27 : 554-560. 



Linn: Leaf Spot of Dieffenbachia 


Observations in the Staten Island greenhouses indicated that the com- 
mon mealy bug {Pseudococcus citri Risso), with which these plants often are 
infested, was responsible for the infection courts (feeding injuries), since 
the favorite breeding and feeding areas of these pests on DieffenlacMas are 
under the leaf sheaths surrounding the immature leaves. This hypothesis 
was tested by the following experiment. Several mealy bugs were collected 
from English ivy plants, which are not susceptible to the disease, and placed 
in the uppermost leaf sheaths of ten Dieffenbachia plants on which the tips 


Eia. 1. A. Initial symptoms of Cephalosporium leaf spot on young, convolute leaves 
of BieffendacMa picta. B. Advanced stages of the disease on a mature leaf. 

of the new leaves were just beginning to show. At the end of 4 weeks the 
new leaves were atomized with a spore suspension of the pathogen. A series 
of noninfested (wound-free) plants were inoculated similarly. A third 
series of infested and noninfested but noninoculated plants were maintained 
as controls. Within 5 days numerous lesions had developed on the new 
leaves with a preponderant number in a more or less linear arrangement 
above the infested leaf sheaths. Those on the noninfested (and wound- 
free) plants were considerably less in number and distributed more or less 
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The controls remained 


uniformly over the entire, exposed leaf surfaces, 
healthy. 

Cross-inoculation experiments with the C eplialospor mm tTom Dieffen- 
hachia and 'miHOi Cepkalosporium cinnamomeum^ from Nephthytis afzelii 
Schott, using 20 plants each of Dieffenhachia and of Nephthytis, demon- 
strated that the two pathogens are specific in their suscept range and not 
eross-inoculable. 


CULTURAL CHARACTERISTICS OP THE PATHOGEN 

On 2 per cent potato-dextrose agar the fungus forms a whitish growth 
becoming cartridge-buif^ with age, never cinnamon-buff, as in G. cinna- 
momeum. The mycelial mat is appressed and pulverulent. The branched, 
septate mycelium gives rise to lateral, upright, simple to 1-2 branched, con- 
tinuous to septate eonidiophores, that, for the most part, are straight and 
not tapering. Decumbent eonidiophores are not produced. This is in con- 
trast to the situation in 0 , cinnamomeum, where the spores from such 
eonidiophores often impart a watery appearance to the surface of the cul- 
ture. The acrogenous eonidia are abstricted singly and collect in grayish- 
white, slimy, spherical heads. The eonidia are ovoid to short-cylindrie and 
have from none to 2, rarely 3 or 4, septa. Chlamydospores have not been 
observed. 

TAXONOMY 

The C ephalosporium on Dieff enbacMa differs from (7. cinnamomeum in 
(a) suscept range, (b) color in culture, (e) the size of the eonidia, (d) the 
consistency of the mycelial mat, and (e) the shape of the conidiophore. It 
differs from other species described in the literature principally in suscept 
range and in color in culture. While there is reason to believe that this 
fungus may be related closely to some of these species, especially C. cinna- 
momeum, there is no way at present, short of a monographic study of the 
poup, to determine the extent and nature of that relationship. Therefore, 
it is proposed that the pathogen on Dieff enhachia picta be given the name 
Cephalosporium dieffenbachiae sp. nov. 

TECHNICAL DESCRIPTION OP THE PATHOGEN 

Cephalosponum ^effenbachiae, sp. nov. Mycelial mat creeping, appressed and pul- 
verulent, white, becommg cartridge-bufe with age; hyphae septate, branching, 2-4 u thick: 
eonidiophores arising laterally from the mycelium, aerial, simple to 1-2 branched, con- 
tinuous to septate, naostly straight, 1.5-2.0 x 4.0-47 ; eonidia borne aerogenously, hya- 
line, ovoid to^short-cylindne, 1.5-2.5x3.0-12.5 n, none to 2, rarely 3 or 4, septa, collecting 
in grayish-white, slimy, spherical heads measuring 5-12 jx in diameter. On leaves and 
stems of Dieff en})achia pieta Schott. 

Type material including infected leaves of D. picta and dried agar cultures of the 
oftel Department of Plant Pathology 

1940^^^™’ ^ Cephaloaporium leaf spot of two aroids. Phytopath. 30: 968-972. 

(Watogt^f’ standards and color nomenclature. 43 pp., 53 col. plates 
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CONTROL 

Altliougli experiments on control have not been attempted, enough is 
known of the factor influencing the spread and development of the pathogen 
to warrant some suggestions for control. These include segregation of 
infected plants, avoidance of syringing, and maintenance of temperatures 
and humidities as low as is consistent with good cultural practice. Control 
of mealybugs is highly desirable, but is considerably more difficult of attain- 
ment than the other practices. 

SUMMARY 

The symptoms of a leaf -spot disease of Dieffenlachia picta^ caused by a 
species of Cephalosporiumf Sive described. The initial infections occur on 
the young, convolute leaves. The pathogen enters more readily through 
wounds than through nonwounded surfaces. Most of the wounds are 
believed to be made by mealybugs feeding under the sheaths surrounding 
the youngest leaves. 

Under experimental conditions,# this pathogen and C. cinnamomeunij 
previously reported on Nepkthytis af^elii, were not cross-inoculable on 
Nephthytis and DieffenlacMa. 

The cultural and morphological characteristics of the fungus are 
described in detail. 

The name Cephalosporium dieffenbachiae sp. nov. is proposed for the 
pathogen on D. picta. 

Department of Plant Pathology, 

Cornell Univ^ersity, 

Ithaca, New York. 


EELATION OF TUBE LAYBES TO AGE IN SPOEOPHOEES 
OP POMES IGNIAEIUS ON ASPEN 

Rate. Hiet AND HeneyHoppi 
(Aceepted for publication May 31, 1941) 

It has been assumed quite generally that the age of sporophores of the 
genus Pomes can be determined by counting the number of stratified tube 
layers in the hymenophore.^ The writers have found no published studies, 
however, that demonstrate the accuracy of this assumption. Buller® (pages 
106-107) cites Pauli as having ascertained that Fames fomentarius (L.) 
Gill., “. . . develops each new tube layer in the autumn.” This suggests 
the probable production of 1 tube layer annually in this species of Fames. 
White* states that, “The sporophores of Fames applanatus are perennial 
and so a new tube layer is formed during the growing season of each year 
of its life.” He foxmd that the tube^ commenced to form by the end of 
April and their growth was almost complete by the end of July. White 
however, does not state whether his observations on tube formation extended 
beyond a singE growing season. Buller^ indicates (pages 116 and 126) that 
Fames igniarius (L.) Gill, produces a new annual layer during the first 
part of the summer, but that it is not known whether each layer of tubes in a 
fruit body of P. igniarius represents the whole of the year’s growth. . Since 
a reliable index to the age of perennial sporophores is useful in studying the 
decay of trees, a project was begun in 1935 to determine the relation of 
hymenophore stratification to age, using sporophores of Fames igniarius 
growing on. aspen, Populus tremulaides Miohx. 

METHODS 

At the Charles Lathrop Pack Demonstration Forest, Warrensburg, New 
York, 6 aspen trees with 20 sporophores of Fames igniarius on their trunks 
were selected for study. On August 18, 1935, the sporophores were cut 
from the trees, care being taken to remove all of the sporophore tissue. The 
bcation of each sporophore scar was marked on the trunks with white paint. 
Bach spring, summer, and autumn thereafter the 6 trees were examined and 
records were made of the season and year when new sporophores appeared 
on the exposed branch scars. On September 6, 1940, 5 years after the 
project was started, the new sporophores were removed from the trees and 
the number of tube layers in each hymenophore was counted. 

ImuJ’T Eesearehes on fungi. Vol. 2. (London). 1922. 

CanadS In'stRufe: Pages®13M7f Wallr. Trans. Roy 
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RESULTS 

Wlieii the trees were examined on April 4, 1936, the first spring after 
removal of the original sporophores, a thick layer of newly formed myceliiim 
covered each of the 20 areas previously occupied by the sporophores. At 
this time 18 of the mycelial formations had shallow pores on their exposed 
surface, and by summer another of these formations had developed a dis- 
tinct pore surface ; the single remaining mycelial mass never formed pores. 
In July of the same year a weft of mycelium was found just emerging from 
a branch scar that previously had not borne a sporophore. By autumn this 
weft had taken the form of a young sporophore with a pore surface. This 
sporophore was included in the study ; other sporophores that developed 
subsequently during the 5 years’ investigation were not recorded. Thus, 
there was a total of 20 sporophores of definitely known age. 

When the 20 sporophores were removed at the end of the 5-year period, 
it was found that in 17 of them the age, by summer seasons, corresponded 
exactly with the number of tube layers (Table 1). In sporophores 3, 14, 

TABLE 1. — Twenty Fomes igniarms sporophores of Tcnown age upon aspen f or which 
the number of tube layers are recorded 


a Measurements of size are in the following order : longest horizontal axis x longest 
vertical axis x greatest distance from bark to onter margin of sporophore. 
b The third tube layer was just beginning to form, 

and 15 the number of tube layers was less than the age in seasons. These 
3 sporophores remained small and were almost enclosed by callus at the time 
they were removed from the trees (Fig. 1, B). 

The upper surface of the sporophores had concentric ridges (Fig. 1, A) 


Tree 

No. 

Sporo- 
phore No. 

Sporo- 
phore age 
in years 

No. of 
tube 
layers 

Sporophore 
size in cm.* 

Remarks 

1 

1 

5 

5 

6.4 X 3.8 X 1.0 



2 

5 

5 

5.2 X 2.3 X 1.1 



3 

1 

0 


Oallused over 7-3-1937. 

2 

4 

li 

2 

4.5 X 4.5 X 0.7 

Tree dead, cut down, sporo- 






phore removed 7-3-1937. 


5 

li 

2 

4.0 X 4.5 X 0.7 

Same as above. 

3 

6 

2 

3b 


Tree dead, left standing 






and sporophore removed 






6-2-1938. 


7 

2 

2 


Same as above. 


8 

2 

2 


it it it 


9 

2 

3b 


it ti a 


10 

2 

2 


Hit it 

4 

11 

5 

5 

8.0 X 6.0 X 1.5 



12 

5 

5 



5 

13 

5 

5 

2.5 X 1.8 X 1.1 



14 

5 

2 

1.3 X 1.8 X 0.4 

Small, crowded by callus. 


15 

5 

4 

1.5 X 0.9 X 0.4 

t i it a it 


16 

5 

5 

4.4 X 3.4 X 1.2 



17 

4 

4 

4.0 X 2.6 X 0.8 

Began developing 7-3-1936. 

6 

18 

5 

5 

5.5 X 2.9 X 1.7 



19 

5 

5 

5.0 X 3.1 X 2.2 



20 

5 

5 

5.0 X 2.4 X 1.9 
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that corresponded approximately to the layers in the hymenophore, but the 
ridges were not always sufficiently distinct to be counted accurately. The 
size of the sporophores also was roughly correlated with the number of tube 
layers, but varied considerably between sporophores with the same number 
of layers. 

The position of the sporophores on these 6 trees was restricted to branch 
scars as long as the trees remained alive (Fig. 1). One of the trees (No. 4), 
however, died in the spring of 1938 and was left standing. By September 


Fig. 1. A. Typical sporophore of Fames igniarms formed at a branch sear on living 
aspen. This sporophore is 5 years old and contains 5 tube layers. B. Sporophore No. 
15, which failed to produce a tube layer annually, possibly because it was almost enclosed 
by callus. The sporophore has been cut in half for the purpose of counting the tube 
layers. Both x 1. 

of the same year, many new sporophores had formed, irrespective of branch 
scars, on the trunk of the dead tree where the bark still remained rather 
firmly in contact with the sapwood. Another tree (No. 2) died and was cut 
down in the spring of 1937 and left lying on the ground, but no new sporo- 
phores formed on this dead trunk. 

The results of this study indicate that sporophores of Fames igniarius 
normally form one tube layer in the hymenophore each year, except when 
their growth is restricted by surrounding callus or by other adverse factors. 

Department OF Forest Botany AND Pathology, 

New York State College op Forestry, 

Syracuse, New York. 
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Bing Spot of Apricot } — A destructive disease of apricot (Prunus 
armeniaca L.)? characterized by irregular ring spots and blotches in the 
leaves and fruits, was observed near Palisade, Colorado, in 1935. At that 
time the condition was noted in a few trees of the Montgamet variety in 
several orchards. In the following years (1936-1939) the malady was 
observed to increase in the Montgamet, as well as in the Moorpark, variety. 

Leaves exhibited irregular ring spots and a marked clearing of the prin- 
cipal veins. Such manifestations were most apparent on leaves of new shoot 
growth (Fig. 1, B). As the season progressed, the discolored tissues fre- 
quently became necrotic and crumbled away, giving the leaves a frayed and 
ragged appearance. Developing fruits appeared normal until approxi- 
mately 2 weeks prior to ripening, about the middle of June. After this time 
the fruits began to exhibit protuberances, which often gave individual fruits 
a bumpy appearance. These excrescences were frequently depressed at the 
apex, giving a'cratered elfeet (Pig. 1, A). The periphery of the papule was 
frequently discolored, forming a water-soaked green circular margin. As 
the fruits ripened, this water-soaked green color changed in most cases to a 
buify citrine^ and finally to a red-purple or red-brown hue. During the 
ripening process the affected fruits filled out, tending to eliminate their 
bumpy appearance but leaving reddish-brown blotches or ring spots (Pig. 
1, C) . Eipe fruits with such symptoms often showed cracks in the discolored 
areas. Sections cut through discolored portions of both green and ripened 
fruits repealed a necrotic condition of the tissues (Pig. 1, D). Such 
necroses followed the external form of the ring or blotch. The discolora- 
tions usually extended from to i in. into the flesh, although necrosis 
occasionally was found to a depth of i in. It has been observed that on any 
thoroughly diseased limb all the fruits showed such symptoms as those just 
described. Trees showing an infected limb or twig in one growing season 
invariably became completely diseased within one or two years. Infected 
trees have been observed for a period of 5 years, and in no instance have any 
of these trees showed recovery from the diseased condition. It has been 
noted that in orchards where diseased trees were eradicated in 1937 and 1938 
there was no further spread of ring spot. 

However, orchards containing diseased trees that were not removed 
showed an evident annual increase in the number of diseased trees. 

Since repeated tissue plantings from necrotic tissues on nutrient culture 
media were negative, and the leaf symptoms were suggestive of virus infec- 
tion, this latter possibility was investigated. 

A study was undertaken to ascertain whether the disease could have been 
caused by the virus of peach mosaic. In the spring of 1936, cions taken from 

1 Paper No. 121 of the Scientific Journal Series of the Colorado Agricultural Experi- 
ment Station. 

2 Kidgway, U. Color standards and color nomenclature. 43 pp., 53 colored plates. 
(Washington.) 1912. 
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healthy Elberta peach trees were inserted into 5 large, bearing Montgamet 
apricot trees showing symptoms of the malady. Two peach cions were in- 
serted into each tree. The cions made growth unions but showed no symp- 
toms, during the growing seasons of 1936 and 1937. In addition, in the fall 
of 1936, buds from diseased apricot trees were inserted into 20 Elberta peach 
nursery trees. In the spring of 1937 shoots from the inserted apricot buds 
showed leaf symptoms of the malady but no symptoms were observed on the 
peach growth. In like fashion symptoms were shown by the apricot growth 
during the seasons of 1938, 1939, and 1940, while none were exhibited by the 
peach growth. 


Fig. 1. Ring spot of apricot as expressed on the Montgamet variety. A. Dis- 
eased green fruit showing protuberances. B. Leaves from a diseased tree showing vein 
clearing and ring spots. 0. Affected ripe fruit showing ring spots and blotches. D, Sec- 
tions through diseased fruits showing necrotic areas in the tissue. 


Since it was evident by the fall of 1938 that the apricot disease was not 
caused by the peach-mosaic virus, its possible infectiousness to apricots was 
investigated. Buds from Montgamet apricot trees showing symptoms of the 
disease were inserted into 6 healthy Moorpark apricot nursery trees. Two 
buds were inserted into each tree. The inserted buds made growth unions 
and showed characteristic symptoms in the spring of 1939 but no symptoms 
were apparent in the growth of the stock. However, in the spring of 1940 
all the stocks produced leaves that showed typical ring spots and vein 
clearing. 

To investigate possible fruit symptoms of the malady, buds from diseased 
Montgamet apricot trees were inserted into 5 bearing trees 20 to 25 years of 
age of the same variety in the fall of 1938. Five buds were inserted into 
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each. tree. The majority of the inserted buds made growth unions. During 
the growing season of 1939 no leaf or fruit symptoms were noted in the 
growth of the stocks. During the growing season of 1940, however, both 
leaves and fruit of all 5 trees showed the symptoms of the disease. Ten 
Montgamet nursery trees inoculated in similar fashion in the fall of 1939 
failed to show symptoms in 1940. Both fruit and leaf symptoms, however, 
were evident on all 10 trees in 1941. 

The foregoing studies indicate that ring spot of apricot is of a virus 
nature in which symptom manifestation is delayed for 2 years. Although 
there were some similarities in symptom expression, the malady appeared to 
differ somewhat from the apricot mosaic disease described by Atanasoff^ as 
occurring in Bulgaria.— B. W. Bodine and W. A. Kreutzer,^ Colorado Agri- 
cultural Experiment Station, Port Collins, Colorado. 

Wilt Besistance in Fx Hybrid Water melons wilt resistance ex- 

isted in certain citrons {Citr%ill%is vulgaris Schrad.) was first shown by 
Orton.2 The edible varieties of Citrullus in general were wilt-susceptible. 
Porter and Melhus^ found that crosses between wilt-resistant types of citron 
and wilt-susceptible edible melons yielded wilt-susceptible Pi plants. As a 
result they emphasized the necessity of growing the Pi progenies in soil that 
was not infested with Fusarium bulhigenum Cke. and Mass. var. niveum 
(BPS.) Wr. These findings and the fact that segregation of resistance and 
susceptibility occurred in the Pa generation led to the assumption that wilt 
resistance was inherited as a recessive character and that edible melon 
varieties were homozygous for wilt susceptibility. 

In 1937 an inbred selection (inbred 3 generations) from the variety 
Dixie Queen (wilt-susceptible) was crossed with a wilt-resistant inbred 
selection from a 3-way cross (Iowa Belle x Jugoslavia 7, backcrossed on 
Iowa Belle). The purpose of the cross was to develop a round, striped, wilt- 
resistant watermelon. The Pi plants of the above cross were 70 to 85 per 
cent wilt-resistant. 

In 1940, 420 hills of the Pi seed resulting from the above named cross 
were planted in soil heavily infested with the wilt organism. Three to 6 
seeds were planted per hill, but each hill was thinned to a single plant, when 
the plants were beginning to vine, in order that yield data might be col- 
lected. The plants that died subsequent to thinning were killed by the 

3 Atanasoff, B. Mosaic disease of drupaceous fruit trees. Yearbook of the Univer- 
sity of Sofia, Faculty of Agriculture 13 : 9-42. 1934. A, ^ _ n tt ^ xi, * 

4 The writers wish to express their appreciation to Br, L. W. Burrell, Head o± tne 
Bepartment of Botany and Plant Pathology of Colorado State College, for helpful advice 

and criticism. . t- 

1 Journal paper No. J-925 of the Iowa Agricultural Experiment Station, Ames, Iowa. 

Project No. 71. . . , . -r x -oi x 

2 Orton W. A. On the breeding of disease resistant varieties. Inter. Cont. on Plant 

Breeding and Hybridization, Proc. 1902 (In Hort. Soc. N. Y. Mem. 1: 41-54). 1902. ^ 

3 Porter, B R., and I. E. Mellius. The pathogenicity of Fusarium mveum (EES.) 
and the development of wilt resistant strains of Citrullus uulgaris (Schrad.). Iowa Agr, 
Exp. Stat. Res. Bull. 149. 1932. 
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wilt pathogen. By September 1, 1940, 120 plants had been killed and 300 
plants, or 71.4 per cent, were alive and bearing full-g.rown maturing melons. 

In another experiment, Fi seed from 12 additional crosses between wilt- 
resistant and wilt-susceptible lines was planted in a field heavily infested 
with the wilt organism. Only 20 hills from each cross were planted, but 2 
of the 12 crosses were 80 per cent wilt-resistant. The parentage of these 2 
crosses was as follows: Japan 7 x Thurmond Grey; Japan 7 x Dixie Queen. 
Wilt resistance in the other 10 crosses ranged from 50 per cent to zero, and 
the 35 hills of the wilt-susceptible Dixie Queen (cheek) were so susceptible 
that they all died. The experiment indicated that at least 2 of the hybrids 
were as wilt-resistant as the Pi progaiy in the previously mentioned experi- 
ment. 

The fact that some Pi progenies were wilt-resistant was not in ae.cord 
with the findings of Orton,* who stated that “The first generation should not 
be exposed to the disease, as resistance may be recessive,” and to the work of 
Porter and Melhus,'* who found resistance to be a recessive character. In 
much of the earlier work citrons were used as the primary source of wilt re- 
sistance. It is conceivable that wilt resistance was inherited differently in 
crosses between the citron and watermelon than in crosses involving only 
watermelon varieties. Eegardless of the genetieal explanation for the in- 
heritenee of wilt resistance it appears clear that in crosses between wilt-sus- 
ceptible and wilt-resistant edible lines of Citrullus vulgaris, the Pi progenies 

may or may not be susceptible to Fusarium iulhigenium var. niveum.- 

Aaron Welch and I. E. Melhus, Iowa State College, Ames, Iowa. 

The Effect of Chemicals on Fusarium oxysporum culense Crowing in the 
Soil. -—Soil sterilization is practiced in greenhouses and in nursery beds for 
the control of soil-borne organisms. Brandes^ used steam in the control of 
Panarna disease and found that it killed out the fungus, but the expense was 
prohibitive. In order to reduce the spread of Panama disease some of the 
larger properties in Jamaica used a 1 per cent solution of formaldehyde to 
treat the banana suckers before they were planted in the field. Sodium 
nitrate in certain concentrations has been found to reduce the spread of 
Panama disease.® This study has been carried out to determine the per 
cent of chemical that is necessary to kill Fusarium oxysporum cuhense in the 
soil. 

The soil cultures used in the experiment were made up with a 0.5 x 8.0 
cm. strip of banana leaf, 10 g. of air-dried clay soil, and 3 cc. Of water. After 
the tubes were autoclaved the organism was planted and permitted to grow 
for 7 days. The chemical was added to soil cultures and allowed to remain 

Science, ^1907,^! ti. of breeding for disease-resistance. Proe. Soe. Hort. 

^ See footnote 3, 

this Jamaica Banana Producers’ Association for support in 

2Brandes, E. Banana wilt. Phytopath. 9: 339-389 1919 

Phyto^th!31^56i ig/p® P«aan«m'o.-,y,spor«.m. eniense. 
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for 24 hours before transfers were made to autoclaved banana-leaf tubes for 
growth observations. Growth could be observed in 24 hours in the checks, 
but the final reading was made on the third day after transfer. 

The percentages given in tables 1 and 2 refer to percentages by weight 
of chemical to soil. Those of 40 or less in table 1 may be read as percentage 
of soil and chemical, or percentage of water and chemical. The 50 per cent 
results were obtained by mixing 1 part of soil culture and 1 part of chemical 
with 2 parts of water. 


TABLE 1. — T}ie toxic and non-toxic points observed in chemical and soil- culture 
mixtures 


Chemical 

Highest non-toxic 

Per cent 

Lowest toxic 

Per cent 

98. Ammonium carbonate 

6.00 

8.00 

82. Bismuth nitrate 

1.00 

5.00 

42. Bordeaux mixture 

20.00 

50.00 

4. Boric acid 

3.00 

4.00 

78. Cadmium chloride 

20.00 

50.00 

34, Calcium hydroxide 

8.00 

9.00 

33. Calcium oxide 

6.00 

8.00 

24. Carbolic acid 

0.37 

0.75 

23. Copper spray No. 1 

8.00 

9.00 

39. Copper spray No. 3 

30.00 

50.00 

40. Copper spray No. 4 

20.00 

50.00 

5. Copper sulphate 

5.00 

6.00 

73. Cupric nitrate 

7.00 

10.00 

43. Ethyl mercury iodide 

0.0005 

0.0025 

44. Formaldehyde 

0.03 

0.04 

18. Ferric sulphate 

7.00 

8.00 

49. Ferric nitrate 

0.10 

1.00 

19. Hydrated lime 

5.00 

6.00 

80. Iodine 

Saturated solution 

50.00 

46. Lead acetate 

30.00 

40.00 

35. Lime (air slaked) 

10.00 - 

20.00 

2. Mercuric chloride 

0.04 

0.05 

45. Mercuric oxide 

0.10 

1.00 

37. Mercurous chloride 

0.50 

1.00 

44. Mercury protonitrate 

0.01 

0.05 

15. Methylated spirits 

14.00 

15.00 

62. Oxalic acid 

4.00 

6.00 

29. Paris green 

20.00 

50.00 

68. Potassium bisulphate 

10.00 

20.00 

70. Potassium chromate 

20.00 

30.00 

69. Potassium cyanide 

0.10 

1.00 

36. Potassium dichr ornate 

0.50 

1.00 

94. Potassium hydroxide 

4.00 

6.00 

92. Potassium iodide 

9.00 

10.00 

6. Potassium permanganate 

3.00 

4.00 

71. Potassium sulphacyanide 

8.00 

9.00 

76. Potassium sulphocyanate 

20.00 

50.00 

3. Silver nitrate 

0.02 

0.03 

26. Sodium carbonate 

20.00 

30.00 

95. Sodium hydroxide 

0.10 

1.00 

41. Sodium nitrite 

0.10 

0.50 

11. Sodium silicate 

12.00 

20,00 

61. Stannous chloride 

4.00 

5,00 


There was considerable variation in the ability of the chemicals to retard 
the growth of the transferred spores before the death point was reached. 
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TABLE 2. — Chemicals that are not toxic to Fnsarlim oxysporum cuhense m a so 
per cent soil-culture mixture 


Alum 

Lead chloride 

Potassium ferricyanide 

Aluminum silicate 

Lead nitrate 

Potassium ferrocyaiiide 

Aluminium sulphate 

Lead oxalate 

Potassium nitrate 

Ammonium nitrate 

Lead sulphate 

Potassium sulphate 

Ammonium oxalate 

Lead sulphide 

Protosulphate 

Ammonium sulphate 

Litharge 

Red lead 

Antimony 

Magnesium ammonium phosj)hate 

Red iron oxide 

Antimony sulphide 

Magnesium carbonate 

Sodium acetate 

Antimony tersulphide 

Magnesium oxide 

Sodium chloride 

Barium chloride 

Magnesium silicate 

Sodium nitrate 

Calcium chloride 

Magnesium sulphate 

Sodium phosphate 

Calcium sulphite 

Manganese dioxide 

Strontium chloride 

Chromium sulphate 

Manganese sulx^hate 

Strontium nitrate 

Cohaltous chloride 

Nickel sulphate 

Sugar 

Copper spray No. 2 

Potassium antimoniate 

Sulphur 

Iron oxalate 

Potassium bicarbonate 

Superphosphate 

Iron sulphide 

Potassium bromide 

Zinc carbonate 

Indigo 

Potassium chlorate 

Zinc oxide 

Lead arsenate 

Potassium chloride 



A 30 per cent mixture of sodium bicarbonate did not kill the fungus. Of 
the 100 chemicals, 43 killed Fusarmm oxysporum culense in the strength 
mixture given in table 1. In 56 cases the fungus was not killed by a 50 per 
cent mixture. — Clifford H. Meredith, Glenleigh Laboratory, Friends Col- 
lege, Highgate, Jamaica, B.W.I. 

Growth of Diplodia Macrospora in Media Contain Pure Biotin. — In 
1940 Margolin^ reported that the growth of Diplodia macrospora Earle re- 
quired biotin or a biotin-like substance.’’ In 1941^ it was discovered that 
the substance necessary to a culture medium containing mineral salts and 
dextrose is produced by the closely related D. zeae (Schw.) Lev. As is well 
known both fungi occur commonly in causal relationship to corn ear rots, 
although D. macrospora is of more limited distribution, being confined 
largely to warmer regions. 

During the past winter it has been found that the addition of pure crys- 
talline biotin-methyl ester^ to the basal medium supported growth of 
Diplodia macrospora. Some growth was observed with 0.5 Y of the biotin- 
methyl ester per liter. Much better growth occurred with the addition of 
2.0 Y per liter. — ^N bil E. Stevens and R. A. Chapman, University of Illinois. 

1 Margolin, A. S., Proc. W. Ya. Acad. Sei., 14 (Keyser), in W. Va. ITniv. Bull., Sei\ 
41, No. 4-11, 1940. 

2 Stevens, Neil E. and W. E. Wilson. Science 93: 458-459, 1941. 

3 Product of the S.M.A. Gorp., Chagrin Palls, Ohio. 
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Oscar Krisen Buros. The Second YearhooTc of Research and Statistical Methodology 
The G-ryphoii Press. Highland Park, New Jersey, 1941. pp. XX + 883. $5.00. 

The yearbooks of Eesearch and Statistical Methodology, prepared by Prof. Oscar 
Krisen Buros, are unusual, if not unique, consisting as they do of excerpts of reviews of 
numerous books appearing in the principal scientific journals. The first yearbook was 
published under the title Eesearch and Statistical Methodology Books and Eeviews of 
1933-38.^^ The second, in part, duplicates the first, since it is the yearbook policy to 
continue listing books in successive yearbooks as long as new reviews appear. ’ ^ A total 
of 1,652 reviews of 359 books or an average of slightly more than 4,5 per book are listed, 
and excerpts from most of them are included. These reviews were originally published in 
283 journals. 

Most of the reviewed books deal with statistical methods, in general, or as related to 
particular fields of inquiry. Economics, education, and psychology are most extensively 
represented, probably because statistical methods are widely used in these fields and many 
books explaining their use have been written. Agriculture and biology are represented 
by a considerable number of books, though relatively few as compared with the above ; and 
chemistry and physics scarcely at all. Several reviews pertain to books dealing with sci- 
ence in general and a few to such miscellaneous subjects as field plot technique, report 
writing, and general research methods in special fields. The type and printing are excel 
lent. There is included a list of cooperating journals, a periodical directory and’ index 
a publishers ’ directory and index, an index of names, and a classified index to books. 

The need for this book, as seen by the author, arises from the ^ tremendous advances 
in statistical theory ^ ’ that have been made in recent years, the multiplicity of books dealing 
with statistical methods, and the fact that many of the authors, as well as teachers, and 
investigators, who use these books are ‘ ‘ ignorant of recent developments. ’ ’ Many readers 
will agree with this analysis of the present situation, though probably a good many will 
hesitate to depend fully on book reviews to indicate with books are least likely to be 
out-of-date or misleading. Granting that this is an adequate method, it must be admitted 
that a good job of collecting and excerpting reviews, and arranging them, has been done. 
Also, no one after reading them will deny that they provide a good starting point for 
more careful consideration. For the librarian, teacher, or investigator who wishes to add 
to his collection of books on statistical methods, the present volume should be of much use. 

The volume may be useful in other ways, especially for those, if there be such, who 
have become infatuated with statistical methods. A consideration of the reviews will 
show beyond doubt that, even though the use of statistical methods will /Gead to cei 
tainty, * ’ as one author has recently stated, it makes a great deal of difference which par 
tieular statistical authority one leans upon for advice. Prof. Buros ’belief that dis 
crimination is highly desirable appears to be well supported by a recent article by Hotelling 
to which the interested reader is referred (The Teaching of Statistics, by H. Hotelling. 
The Annals of Mathematical Statistics. Vol. XI, No. 4, Bee. 1940, pp. 445-470). — 
S. C. Salmon, Bureau of Plant Industry, IT. S. Department of Agriculture, Washington, 
B. C. 
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MOETALITY OF THE EED SCALE ON CITEUS THEOUGH 
INFECTION WITH A SPOEE-POEMING BACTEEIUM 

V. T. SOKOLOFPl AND L. J. KlOTZ 2 
(Accepted for publication June 26, 1941) 

Bacterial parasites of the California citrus red scale, Aonidiella aurantii 
(Mask.), have, so far as we know, never before been isolated or studied. It 
appeared of interest, therefore, to devote some attention to a microorganism 
recently proved to be a pathogen of red scale on citrus and an occasional 
inhabitant of dead citrus scale in some orchards. This organism was first 
isolated from soil in connection with denitrification studies and grown on 
chitin, cellulose, and a large number of organic media! It is tentatively 
designated Bacillus ^‘C.’V 

Under certain laboratory conditions it has been found possible to bring 
about a wholesale invasion and death of the red scale by Bacillus espe- 
cially on lemons. 

THE MICROORGANISM 

Bacillus ^‘C^’ is a large (6 by lip) Gram-positive motile rod, which 
foi^ms spores in the equatorial position. Its motility is contingent upon the 
presence of clumps of several polar flagella and is lost, as a rule, after a few 
days of growth on the ordinary laboratory media. The microorganism 
grows singly, in couples joined end to end, and in chains of 4 or more 
(Pig. 1). 

Bacillus is an aerobe. It can grow throughout a number of liquid 
media in the presence of either nitrate or nitrite, provided oxygen is not 
entirely excluded, as in cotton-stoppered flasks or test tubes. On Spray 
anaerobic plates, Bacillus develops no growth, even in the presence of 
nitrate. Ammonia and a still unidentified nitrogenous substance frequently 
appear to be the products of the reduction of nitrate or nitrite. Within a 
rather narrow optimum, on the other hand, nitrates appear to be ultimately 
reduced to the gaseous forms of nitrogen. 

On aerobic plates. Bacillus grows within the entire pH range stud- 
ied, that is, from pH 4 to pH 9.5. In liquid cultures an optimum in the 
vicinity of pH 7.5 is suggested, while growth is limited to the active acidity 
range of pH 6 to pH 9.3. The optimum temperature for the growth of 
Bacillus in the suspensions of chitin is in the vicinity of 30^ C. It is 
able to grow, however, at 12° and at 40° C. 

Bacillus was originally isolated from the following enrichment 

medium: 

1 Junior Chemist, University of California Citrus Experiment Station, Kiverside, 
California. 

2 Associate Professor of Plant Pathology, University of California Citrus Experi- 
ment Station, Riverside, California. 
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Filter paper, Whatman No. 42, dispersed in the Waring blender ...... 10 per cent 


Potassium nitrate, Baker ^s 1 ‘ ^ ^ 

Potassium hydrogen phosphate. Baker ^s 1 

Magnesium sulphate heptahydrate, Baker’s I ‘‘ 

Calcium carbonate, Mallinkrodt’s 2 

Eedistilled water (all-glass still) 


Inoculum; 5 grams of surface soil from the Citrus Experiment Station. 

The original enrichment culture was incubated in a 50-ec. glass-stop- 
pered Pyrex bottle at 28° C. for about 1 week. Transfers w^ere made into 
wide-mouthed 500-cc. Pyrex Erlenmeyer flasks stoppered with cotton, con- 
taining 300 cc. of sterile medium of the same composition as the enrichment 
culture (Fig. 1, A). After 2 successive transfers, the mixed culture was 
plated on 2 per cent agar, containing the same filter paper and salts as the 
original enrichment medium. At the same time platings of the mixed cul- 
ture were made on peptone-yeast agar. Among the organisms developed 
on these plates were two bacteria that grew equally well on filter paper, 
peptone-yeast, and chitin agar. One of these, a spore-former, was chosen 
for further observation. 

In general outline and in manner of sporulation there appear to be 
certain resemblances between Bacillus and the microorganism 

described by Dutky (3). 

EXPERIMENTAL PROCEDURE 

Field lemons, infested with the red scale, were used almost exclusively 
in the investigations here reported. These lemons were collected in 2 dif- 
ferent orchards: one in the vicinity of Corona, California; the other in the 
City of Riverside. Lemons from the latter grove had not been fumigated 
nor otherwise treated for the red scale during the preceding lO-year period. 
Hand-picked lemons were brought into the laboratory and carefully washed 
with soap. It was found necessary also to wash them for 1 or 2 minutes in 
0.1 per cent copper sulphate solution to minimize the importance of fungi 
as an interfering factor. Neither soap nor copper sulphate, however, was 
found to remove or destroy all of the indigenous bacteria;^ hence it cannot 
be stated that the work presented here was done under sterile conditions. 

Bacillus C was conditioned for the infection in the following manner : 
48 hours before the experiment, 500-ce. aliquots of peptone water, in a 
1-liter Pyrex Erlenmeyer flask stoppered with cotton, were inoculated with 
a loopful of bacteria from a pure-culture slant. When suspensions of the 

3 One of these indigenous bacteria in particular appeared to be interesting on account 
of its ability to grow rapidly on chitin, and to produce a characteristic dark-yellow pig- 
ment under a variety of conditions. It was possible several times to isolate this pigment 
producer from crushed bodies of the insects that were already dead and dried on the 
fruit. It did not prove, however, to be pathogenic to the normal scale under the condi- 


tions of the present study. 

4 Composition of the peptone water: 

Proteose peptone, ^^Bifeo” T.O per cent 

Potassium nitrate. Baker’s 0.1 

Potassium hydrogen phosphate, Mallinkrodt’s 0.1 “ 

Magnesium sulphate heptahydrate, Baker’s 0.05 

Tap water, pH 7.5-7.6 (glass electrode) 



SOKOLOFP AND KlOTZ : MORTALITY OP ReD ScALE 


Pig. 1. Bacillus ^ ^ C. ’ ^ A. Active transfer from the filter paper nitrate-enrichment 
medium. B. Two-day colonies on peptone agar, x 12. C. Two-day colonies on citrate- 
asparagin agar. xi2. D. From peptone-nitrate hrotli (Gram stain), x 1^500. E. 
Unstained spores from chitin agar, x 1,500. 
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bacillus in tap water or in buffered distilled water were used, 48-liour-old 
aerobic growth on peptone-agar plates was scraped off and suspended, 
under sterile conditions, in 500-ec. aliquots of water. 

It was found desirable to maintain both the fruit and the bacterial cul- 
tures at the same temperatures (28'' C.) for approximately 6 hours before 
the experiment. Single fruits were then placed for variable periods of time 
in beakers containing either peptone- water cultures or suspensions of the 
bacillus in sterile tap water. 

Parallel treated controls,’’ in which sterile peptone broth or sterile 
tap water only was used, were provided for all tests in all cases. ‘'Un- 
treated controls” were likewise maintained. These were fruits incubated 
alongside infected and “treated control” fruits, without any treatment 
whatsoever. 

It was found that in order to obtain a satisfactory mass infection of the 
scale, 2 to 4 hours’ immersion was necessary. In the majority of eases, 
however, a 16-hour immersion was preferred because of the consistency and 
the reliability of the results ensured by the longer wetting period. At the 
expiration of the period of immersion, the controls, as well as the infected 
fruits, were removed from the beakers by means of crucible tongs and 
placed in the incubator at 28° C. for variable periods of time. Under these 
conditions, it made no difference whether in order to obtain satisfactory 
results the fruit was kept in a moist chamber or in the open air, "When the 
fruits were immersed for shorter periods, however, the moist chamber ap- 
peared to be indispensable. At the conclusion of the incubation period, all 
adult female insects were removed from the fruits and examined under 
the microscope, individually, for general appearance, movement of the 
pygidia, and a few tentatively defined symptoms of the infection (Table 1), 


TABLE 1 . — Visible signs of infection of citrus with Bacillus 




Adult insects 



Total 

Per cent showing 



Insects 

number 

examined 

Brown- 

ing 

Distor- 
tion of 
pygidia 

1 

Disin- 

tegra- 

tion 

Total 

number 

exam- 

ined 

Per 

cent 

mor- 

tality 

Infected with 

Bacillus “0” 

1120 I 

66 

56 

32 ^ 

965 

98 

Controls (treated) a 

.. 575 

47 

56 

" 22' 

191 ' 

57 

Controls (untreated) 

602 

18 

28 

11 

353 

25 


a Treated in the same manner as the infected ones except for the absence of Bacil- 
lus 


"When chemical analyses of normal and of infected adult insects were 
undertaken (in lots of 100), every insect in the lot was examined under the 
microscope prior to the analysis in order to ensure, so far as possible, com- 
plete uniformity in the condition of the insects. Aqueous extracts of the 
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insects chosen for the analysis were made in the following manner: One 
hundred adults were crushed with about 5 cc. of distilled water and 1/10 g. 
of copper sulphate. About 50 cc. of distilled water was then added, and the 
extract was boiled in an Erlenmeyer flask under a reflux condenser for 2 
min. Approximately 1/10 g, of the secondary potassium phosphate was 
added after the digestion; also 1/10 g. of calcium carbonate and a trace of 
magnesium oxide. One g. of ^^Norit’’ activated carbon was finally intro- 
duced, and the mixture was brought rapidly to the boiling point. The hot 
extract was filtered through Whatman No. 42 filter paper. The residue on 
the filter was washed with about 100 cc. of boiling distilled water. The 
combined filtrate and washings w^ere cooled and made up to 250 cc. with 
distilled water. Aliquots of this colorless transparent filtrate were taken 
for the colorimetric determinations of nitrate and nitrite. Nitrite was 
determined by the Griess reagent, following the usage of Elema (5). 
Nitrate was determined by the official phenoldisulphonic-acid method (1). 

Total nitrogen was determined on separate lots of the insects by means 
of the Gunning-Hibbard modification of the Kjeldahl procedure (1) . The 
acid digestion was made in miero-Kjeldahl flasks. For the distillation, the 
ordinary Kjeldahl apparatus was used. 

THE INFECTION 

Examinations of the infected adult red scales often show Bacillus ‘‘O’’ 
adhering to the waxy membrane of the lower margin of the insect, especially 
in the proximity of the pygidial cavity. When insects, detached from the 
fruit, are wetted with suspensions of the bacillus, it is sometimes possible 
to observe the latter penetrating the pygidial cavity and apparently enter- 
ing the insect through the oviduct. 

Crawlers are attacked by the bacillus with far greater rapidity than the 
adult insects. Clumps of the bacilli are frequently formed in the vicinity 
of the joints of the crawler’s legs, and in less than 15 minutes after the 
formation of a well-defined clump, the crawler succumbs. In the case of 
the adults, on the other hand, pygidial movements cease only after approxi- 
mately 25 minutes of the contact with the bacillus. 

After but a few days of incubation in the dry at 28° C., a large propor- 
tion of the infected adult insects exhibit a rather characteristic browning 
of the ventral surface. This browning is sometimes limited to the areas 
adjoining the pygidial cavity or to the vicinity of the mouth. Brown spots 
may be observed occasionally on the prosomatic lobes and on the surface 
of unhatched embryos or eggs inside the insect.® An expulsion of dead 
crawlers and embryos, especially on grapefruit, takes place occasionally 

5 Bimilar browning of the ventral surface of the insect also was found to be a con- 
sequence of 1 hoards immersion in 0.1 M solution of hydroxyl amine containing pH 7.5 
phosphate buffer. Comparable treatments with nitrites, nitrates, and ammonium salts 
caused no browning. Neither was it observed in the insects treated with hydrogen sul- 
phide or hydrogen cyanide. Natural illuminating gas, however, and 5 days’ storage over 
pyrogallol in sealed desiccators were found to j)roduce browning that resembled, super- 
ficially, the browning caused by the bacillus. 



— 




After 5 or 10 days of incubation, it is frequently possible to observe a 

structure of the insect. Gas bubbles 


general disarrangement of the internal 
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during this stage of the infection. There is a general darkening in the color 
of the infected insects that is visible to the naked eye (Pig. 3). Pygidia, 
viewed under the microscope, sometimes appear distorted, that is, twisted, 
collapsed, irregularly swollen, or otherwise deformed. 


Fig. 2. A. Normal adult female citrus red scale with crawlers (ventral view), x 64. 
B. Infected adult female with dead crawlers (ventral view). Formation of gas within 
the insect. x64. C. Final disintegration of the insect, x 64. D. Bacillus invad- 
ing the outer margin of the insect (Gram stain), x 1,000. E. Bacillus inside the 

infected insect (smear preparation; Gram stain), x 250. P. Bacillus in the 

crushed contents of the insect (Gram stain), x 1,500. G. Fungus (Cladosporium sp.) 
conidiophores grooving from body of red scale (still alive), x 64. H. Conidiophores. 
X 140. 
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Fig. 3. Red scale on oranges : A. Effect of 16-lionr immersion in a culture of bacil- 
lus and of subsequent dry incubation at 28° C. for 2 weeks (right); parallel un- 

treated control (left). B. Surface of the untreated control orange (note the white 
caps). C. Surface of the treated orange, x 14. 
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can sometimes be seen under the microscope as they are evolved from tbe 
infected body. At this stage the saprophytic fungi (facultatively para- 
sitic) may invade the insect, unless special precautions were taken to mini- 
mize their numbers on the fruit (Pig. 2 , G and H). Despite the disar- 
rangement and apparent decomposition, the body of the insect appears 
relatively turgid. The drying of the dead insects takes place gradually 
and requires approximately 3 weeks. 

There is a good deal of deviation from the course of the disease and 
death here tentatively charted. Some individuals, although obviously 
infected, exhibit but one or none of the symptoms. Others pass the decom- 
position stage before any browning is visible. In other words, a satisfac- 
tory definition of the symptoms of the infection or an establishment of a 
sequence of the successive stages of the disease leading to the death of the 
insect cannot yet be made with precision. There appears to be a consider- 
able degree of variability in the nature and order of symptoms and stages, 
not only in the insects on different hosts but in the insects on one and the 
same fruit or leaf, often situated within a few millimeters of each other. It 
was found possible, nevertheless, by examining large numbers of adult 
insects systematically, to make certain comparisons between the healthy 
and the diseased, on the basis of their appearance under the microscope 
(Table 1). A summary of these comparisons includes insects from lemons, 
oranges, grapefruit, and a relatively small number from lemon leaves. In 
these comparisons, no attempt is made to differentiate between the symp- 
toms observed on various hosts or to allow for the variations in the method 
of the infection (by dipping, immersion, or spraying), as it appears for 
the present that small differences due to these variables are overshadowed 
by individual variations between the insects on the same host. 

After the infected red scale has been incubated for several days at 28° 
C., it is possible, in the smear preparations, to demonstrate abundant growth 
of the bacillus within the insect. Generally speaking, during the first few 
days of the infection single cells of the bacillus are preponderant in the 
invaded insect. At a later period an abundance of chains may be noted. 
Sporulation has been observed at all times, becoming prominent 1 or 2 weeks 
after the infection. 

Thus far we have no evidence of phagocytosis. Nor is there yet any 
evidence of morphologically different stages of the bacillus, once it becomes 
established within its host. The microorganism appears morphologically 
stable or true to its form and manner of growth under a variety of the 
environmental conditions (Fig. 2). 

IMMERSION EXPERIMENTS 

While it is possible to bring about individual infection of red scale by 
the bacillus, regardless of the latter’s age, by applying copious quantities 
of the bacterial suspension to individual insects by means of a loop or a 
pipette, successful mass infection appears to be contingent upon a number 
of considerations: 
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Motile cultures of the bacillus are preferable to nonmotile. On aerobic 
plates, as well as in liquid media, the bacillus becomes largely nonmotile 
after 1 or 2 days. Young cultures were used accordingly in all our experi- 
ments. In the instance of the aerobic plates, the most satisfactory motile 
cultures were obtained on 4 per cent Liebig’s Extract of Beef (manufac- 
tured by Oxo Ltd., London, Eng.). 

Satisfactory wetting of the fruit with the bacterial culture or suspen- 
sion presents a problem of some difficulty. This mechanical difficulty may 
be overcome eventually by use of a suitable wetting agent. Such wetting 
agents as blood albumin or casein ofter a degree of promise, but some that 
are most effective appear to be incompatible with the bacillus. In our pre- 
liminary studies, therefore, we preferred to obtain the desired result by 
prolonging the period of immersion rather than by the use of wetting agents. 

Too rapid a drying of the treated fruit militates against successful mass 
infection of the insects. By extending the period of the immersion to sev- 
eral hours, however, this difficulty is rendered insignificant. In other ex- 
periments in which the contact of the fruit with the bacilli was relatively 
brief, an almost complete failure of the mass infection was observed when 
the fruit was allowed to dry within less than 2 hours’ time. 

Pinalljq periodic reisolations of . Bacillus from sterile soiP were 
found desirable to maintain the ability of the bacillus to destroy the scale. 
A somewhat arbitrary criterion served as a sign of the need for reisolation, 
namely, failure of the pure culture of the organism to grow throughout 
liquid media in the presence of potassium nitrite. Its ability to grow anaero- 
bically in the presence of nitrite was commonly restored upon its reisola- 
tion. There was likewise a parallelism between its pathogenicity to the 
red scale and its ability to employ nitrite as a hydrogen acceptor. 

Immersion for 1 or 2 hours at 28° C. was often sufficient in itself to 
infect and destroy every one of the adult females on lemons, regardless of 
the total number on a single fruit. Our preliminary studies were limited 
nevertheless to the 16-hr. immersion treatment as a method of ascertaining 
pathogenicity of the bacillus to the citrus red scale. 

A summary of the results of these treatments is given in table 2. Death 
or survival of the insects was ascertained at the end of 2 to 4 weeks’ incuba- 
tion following the immersion. The exact time of the count was largely 
determined by the ‘"controls.” A large-scale emergence of crawlers and 
the subsequent appearance of “white caps” on the control fruits (there 
were no active crawlers or “white caps” on the treated fruits) was taken as 
indication of the timeliness of the comparative counting. In determining 
the suiwival of the insects, movement of the pygidia alone was not regarded 
as a sufficient basis. Any insect appearing free from the signs of the de- 
composition w^as deemed “living.” On the other hand, any insect showing 

<> Five g. of gai’den. soil moistened with 5 ec. of water were sterilized at 16 lb. pres- 
sure in cotton-stoppered test tubes for several successive 1-hr. periods, 2 days apart, until 
proved sterile by incubation with peptone-yeast broth. Soil extracts prepared in a num- 
ber of different ways could not be substituted successfully for the soil. 
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TABLE 2. — Mortality of adult red scale on lemons after immersion for 16 hours in 
cultures or suspensions of ^Bacillus 


Treatment 

Total 

adults 


Mortality 


Low 

High 

Average 

Bacillus ^ ^ in tap water 

432 

98 

100 

99 

Sterile tap water only 

460 

36 

79 

.55 

Bacillus in peptone water 

652 

98 

100 

99 

Sterile peptone w^ater onlv 

553 

35 

89 

61 

None 

887 

29 

60 

37 


signs of drying or disintegration, whether or not aeeompanied by browning 
or distortion of the pygidia, was regarded as dead. 

Our undei’standing of the pathogenicity of the bacillus to the red scale 
is complicated by the fact that the fruits were not and could not be made 
sterile at the time of the experiment. For this reason, the so-called treated 
controls are not controls in the true sense of the word. In many instances, 
'when these controls were found to harbor bacteria apparently identical 
with Bacillus the main difference between the treated and the control 
fruits, under conditions of the immersion, might have been merely in the 
size of the inoculum. On the other hand, it is conceivable that the lethal 
effect of the bacillus may be enhanced by some other biological factors 
indigenous to the fruit or the insect. Further work may serve properly to 
ascertain the existence and relative importance of such factors. 

DISCUSSION 

It is not possible to suggest at this time any definite mechanism under- 
lying the pathogenic effect of the bacillus on the insect, or to surmise the 
nature of the toxic principles at work. The data presented here may, never- 
theless, provide a basis for a speculative discussion of at least one of the 
many possibilities in this regard. 

Aqueous extracts of normal adult insects contain, as a rule, measurable 
quantities of nitrates. The nitric nitrogen constitutes somewhat less than 
10 per cent of the total nitrogen.'^ Extracts of infected insects contain an 
appreciably lower amount of nitrate. The order of magnitude of the change 
in the nitrate concentrations is indicated in table 3. 

It is evident from the available data that the slight increase in the solu- 
ble nitrite, in consequence of the infection, is insufficient to account for the 
loss of nitrate. Colorimetric measurements of ammonia in comparable ex- 
tracts offered no evidence of any regularly significant change in the extract- 
able ammonia of the insects. While there is as yet no direct basis to suggest 

7 Total nitrogen in the normal adult red scale from lemons was found to be 1060 and 
1050 micrograms N per 100 insects. Nitric nitrogen constituted 104 and 110 micro- 
grams N per 100 insects. For strictly comparable lots of the insects infected with the 
bacillus, the figures were, in micrograms N per 100 individuals, 1020 and 1020 for total 
N, and 47 and 45 for nitric N. The live weight of 100 normal adults is ax)proximately 
23 milligrams; of 100 dead adults it is approximately 18 milligrams. 

Haas (6) reports more than 6 per cent total N in the red-scale insects, dry basis. 
Our results imply a slightly higher figure. 
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the possibility of the well-known reaction between the nitrite and the alpha 
amino acids of the insect, this possibility should be at least considered. Nor 
can we disregard the potential toxicity of the substances that may be formed 
in the course of the further reduction of nitrates, once this reduction could 
be proved to take place in the infected insect. 

Ininiersion of lemons supporting the scale in buffered distilled water 
suspensions of Bacillus was often accompanied by the appearance of 
measurable quantities of nitrite in the suspensions. These suspensions were 
free from both nitrate and nitrite before the fruit was introduced, and there 


TABLE 3. — Determinations of nitrate and nitrite in aq^iieous extracts of normal and 
inf ected adult red scale on lemons 


Insectsa 

Number 

of 

Nitrate 

(micrograms N) 

Nitrite 

(micrograms N) 

1 

! 

analyses 

Low 

High 

Average 

Low 

High 

Average 

Normal i 

13 

90 

135 

10.5 

0.0 

3.0 

0.6 

Infected with 
Bacillus ^^0’^ 

7 

0 

85 

56 

0.5 

2.8 

2.0 

Bead and dry, 

4 weeks after 
the infection 

6 

0 

35 

12 

0.0 

0.3 

0.1 


a Tested in lots of 100. 


was neither nitrate nor nitrite in the controls where only buffered distilled 
water was used. In view of a considerable variability in the amounts of 
nitrite found in the experiments of this type (ranging from a trace to sev- 
eral parts per million), it is not feasible, for the present, to regard this 
observation as an aid in the interpretation of our other results. 

The nitrate content of insects subjected to hydrogen cyanide fumigation 
or exposed to natural illuminating gas in sealed desiccators does not differ 
from that of untreated insects. After 5 days of storage over pyrogallol in 
sealed desiccators, on the other hand, the extractable nitrate was in com- 
parison with that of untreated insects (185 and 172 micrograms as against 
100 inicrograms N per 100 adult insects). Since the insects derive their 
nourishment from the albedo cells of their host, containing, among other 
things, nitrate,® its presence in their body fluids is scarcely surprising. 
The remarkable ability of the scale to survive for more than 24 hours in 
the absence of oxygen (4) may not be unrelated to the presence of nitrate 
in their substratum. Since they cannot survive indefinitely, however, 

8 Tlie presence of nitrate in the extracts of both albedo and flavedo cells of lemons 
was demonstrated by the brucine and the phenoldisulphonic-aeid methods, as well as by 
the m-xylenol method (7). Significant quantities of ammonia were formed, also, upon 
the addition of zinc and ferrous sulphate to ammonia-free extracts (previously distilled 
ill the presence of alkali). Because of the well-known limitations of all these methods, 
when applied to plant material, only the order of magnitude of the concentrations of 
nitrate in the albedo cells can be indicated. It appears to be in the vicinity of 60 to 100 
p.p.m. N. Grapefruit albedo cells contain much less nitrate. 



under such conditions, we may venture a speculation that, while nitrate 
itself may not be toxic to the insects, the products of its reduction may be 
toxic, directly or indirectly. For example, hydroxyl amine is a known 
inhibitor of the cytochrome- A 3 (2). There is a similarity in the appearance 
of the insects that died in consequence of their infection with Bacillus 
and of those that died after several days’ storage over the pyrogallol, as 
well as of those whose death followed their brief immersion in hydroxyl 
amine. 

SUMMARY 

A denitrifying bacillus, unidentified with any of the known microorgan- 
isms, is able, under laboratory conditions, to invade and destroy the adult 
red scale on lemons. Infection and death of the scale is accompanied by a 
significant decrease in soluble-nitrate content. It is possible that the lethal 
effect of the bacillus is related to the reduction of nitrate inside the insect. 

Citrus Experiment Station, 

Riverside, California. 
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PRESTOEAGE DISINFECTION OF NARCISSUS BULBS 


- R E E M A N W E I S S , FrANK A. HaASIS, AND 

G. E. Williamson 
(Accepted for publication June 26, 1941) 

The control of narcissus basal rot, caused by one or more specialized 
forms of Fusarium 'hulhigenum and Mass., in regions where environ- 
mental factors during the growing and bulb-storage seasons are conducive 
to this disease, requires periodic sanitizing treatments of the bulbs sufficient 
at least to prevent the superficial contamination and latent infections with 
this organism from becoming active infections (1, 3, 4, 5, 7, 8). For the 
purpose of bulb sanitation, chemical treatments might be given either at 
planting time, which follows the summer storage period, or between the 
time of harvesting the bulbs and their placement in storage (3, 4). Practi- 
cal considerations, especially the greater susceptibility of the recently har- 
vested bulbs to chemical injury, make the pre-planting application the 
preferable and, in commercial bulb culture, the only time for giving these 
treatments. Generally, a brief immersion in a suspension or a solution of 
one of the organic mercury disinfectants is employed in commercial nar- 
cissus culture in the United States (4, 8). 

When a thermal bath is required to disinfest the bulbs of animal para- 
sites, such as nematodes, larvae of narcissus flies, and mites, the mercury- 
dip treatment is supplanted by a combination warm-water and chemical 
treatment, for which formaldehyde often is used in place of mercury com- 
pounds because of its demonstrated effectiveness against the bulb nematode, 
Ditylenchus dipsaci (Kiihn) Filip jev (1, 3). Marked improvement in 
health and productiveness of treated bulbs has generally resulted from 
these treatments, and commercial narcissus growers have acquired enough, 
experience in the adaptation of treating dates and concentrations to the 
requirements of particular varieties so that chemical injury to the bulbs 
seldom occurs. 

As basal rot is primarily a storage disease it would seem a priori that a 
sanitizing treatment applied at the beginning of the storage period should be 
more effective than one given prior to planting in the preceding autumn, 
which antedates the storage period by 8 to 10 months. Experiments have 
indeed shown that basal rot during storage can be almost entirely prevented 
by previous chemical treatment, but usually at the cost of more or less dam- 
age to growth and flowering in the subsequently planted bulbs. This injury 
occurs in two forms or degrees of severity, (a) that immediately visible in 
discolored and indurated bulb scales or necrotic pitting especially of the 
root plate, and (b) deformity of the flower and sometimes of the shoot dur- 
ing the ensuing growth of the bulb. The shoot naalformation simulates the 
injury caused by ethyl mercury phosphate in wheat and corn seedlings 
(2, 6), and the floral deformity in narcissus is so characteristic that a defi- 
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nite diagnosis of mercury injury to the bulbs usually can be made from 
inspection of the flowers. Because of this flower injury, growers have sel- 
dom been willing to adopt prestorage treatments, even though the alter- 
native risk of losing untreated bulbs from storage rot is also great. How- 
ever, experimental efforts have been continued to adapt prestorage chemical 
treatments of narcissus bulbs to the conflicting requirements of (a) prompt 
application following harvesting in order to prevent superficial infections 
from becoming deep-seated, and (b) minimal toxicity to the bulbs, sus- 
ceptibility to which declines rapidly after the bulbs become dry. 

A variety of materials thought to have value for this purpose have been 
tested at different times during the last 10 years, but the indications were 
consistently in favor of mercury compounds as affording the best protec- 
tion from basal rot. With the choice of materials somewhat narrowed, a 
comprehensive experiment was planned to bring out significant differences, 
if possible on a quantitative scale, between materials having different toxic 
components. 

Apparently healthy bulbs of the leading commercial variety, King Al- 
fred, were selected July 28, 1938 (3 days after harvesting), from a uniform 
stock in which about 12 per cent of the bulbs showed basal rot when dug. 
After thoroughly mixing the selected bulbs, 132 random samples of 50 bulbs 
each were drawn. Chemical treatments with different materials, concentra- 
tions and durations were applied to different samples (Table 1), there being 
4 replicate samples (200 bulbs) in each treatment. The various materials 
were made up in aqueous solutions or suspensions and Pyrolen M-P, a 
commercial wetting agent, was added to each solution at a 1 to 800 dilution. 

Immediately after treatment the bulbs were placed in wire-mesh-bot- 
tomed trays, which were then stacked in the open air following a random 
arrangement of treatment samples in 4 replicate blocks. The stacks were 
supported about 1 foot above the ground and were covered with gable- 
roofed metal covers in accordance with commercial practice in the Long 
Island, N. Y., narcissus district. Two examinations for basal rot were 
made, the first on September 7, the second on October 2. The commercial 
storage period for this variety as grown in Long Island generally terminates 
about the middle of September. In most samples there was only a slight 
increase, and in many none, in the number of rotten bulbs between the two 
examinations. The bulbs that still appeared sound on second inspection 
were planted out to observe the effect of the treatment on subsequent 
growth and flowering. 

The rot count per sample and the means for the different treatments are 
shown in table 1. 

In the analysis of the data as here presented, the significance of the dif- 
ferences between treatments is postulated in relation to the error variance 
of the data as a whole, though it is evident that the error variance of the 
first 4 is less than that of the remaining treatments (actually 9.786 compared 
with 13.035). As the object of the experiment was a general comparison 
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TABLE 1 . — JEffect of treating narcissus 'bulbs with various Muds of fungicides on 
the development of basal rot during storage. (The figures show the number of rotten 
bulbs in each unit sample of 50.) 


1 per cent level of significance. 


a Contained 1 per cent acetic acid. 

b The essential ingredients and the sources of these materials were as follows: New 
Improved Ceresan (5 per cent ethyl mercury phosphate) — ^Bayer-Semesan Co., Inc.; 
Cuprocide (98 per cent cuprous oxide)' — Rohm & Haas Co., Inc.; Coposil (ca. 16 per cent 
Cu) — California Spray Chemical Corp. ; Auragreen — Mallinckrodt Chemical Works ; Heli- 
one Yellow, Elgetol (22 per cent sodium dinitro ortho cresylate), colloidal sulphur and 
Fungicide E-X-— Standard Agricultural Chemicals, Inc.; Chlorox (5 per cent sodium 
hypochlorite) ; Shirlan D (salieylanilide) — Imperial Chemical Industries. 

between the different chemical types, as mercury, sulphur, copper, etc., com- 
pounds, and not a close comparison between members of these groups, the 
segregation of error variance w^'as not attempted. A slight obscuration of 
possibly significant differences between certain treatments may result, but 
the major conclusions as follows are not affected: 

(1) A number of the treatments produced statistically significant 
decreases in the number of bulbs rotting in storage. 

(2) Only acidulated mercury bichloride and New Improved Ceresan 
resulted in commercially important control of rot. 



Coneen- 

Period 


Replications 


Means 
of Oct L" 


tration 

mersion 

1 

2 

3 

4 

ments 

Mercuric oxide (HgO) 

Percent 

1.0 

Minutes 

2 

18 

9 

10 

9 

11.50 

chloride 

0.2 

5 

16 

10 

9 

11 

11.50 

u a 

t c 

15 

2 

10 

11 

13 

9.00 

(acidulated^) ... 

i t 

5 

8 

8 

9 

5 

7.50 

Cl it it 

i t 

15 

10 

4 

7 

10 

7.75 

New Improved Ceresan^ 

0.4 

2 

7 

6 

5 

4 

5.50 

it It it 

i t 

5 

3 

2 

6 

2 

3.25 

Guprocideb 

1.0 

2 

20 

19 

20 

24 

20.75 

Coposil fungicide^* 

1 1 it 

1.0 

5 

28 

21 

21 

28 

24.50 

t i 

15 

22 

22 

21 

15 

20.00 

Auragreeu^ 

1.0 

5 

19 

17 

20 

18 

18.50 

it 

1 1 

15 

21 

20 

18 

21 

20.00 

Stantex Helione Yellow^^ 

1.0 

5 

30 

18 

18 

18 

21.00 

it it it 

1.0 

15 

15 

21 

19 

26 

20.25 

Stantex Elgetolb 

it ti 

0.2 

1 5 

15 

16 

22 

17 

17.50 

C i 

15 

15 

12 

24 

17 

17.00 

Lime sulphur (dry) ; 

it t t it 

1.0 

i 5 

19 

25 

17 

24 

21.25 

t i 

15 

18 

14 

18 

19 

17.25 

Stantex Colloidal Sulphur^ 

' 1.0 

5 

21 

27 

19 

21 

22.00 

Acetic acid (glacial) 

1.0 

5 

19 

8 

10 

10 

11.75 

It it It 

1 i i 

15 

14 

11 

13 

14 

13.00 

Formalin (37 per cent HCHO) 

ti i t t i It it 

1.0 

5 

17 

14 

20 

11 

15.50 

i i 

I 15 

18 

14 

7 

15 

13.50 

Chloroxb 

i 3.0 

15 

15 

20 

21 

16 

18.00 

Fhenol 

I 0.5 

1 5 

21 

17 

18 

22 

19.50 

it 

i t i 

j 15 

16 

10 

12 

16 

13.50 

Stantex Fungicide F-Xb 

ti till 

0.2 

! 5 

21 

20 

22 

16 

19.75 

1 1 

i 15 

18 

19 

19 

16 

18.00 

Shirlan Lb 

i 0.4 

i 5 

16 

19 

21 

21 

19.25 

it it 

! < c 

1 15 

17 

17 

18 

24 

19.00 

Silver cyanide 

0.2 

i 5 

22 

18 

9 

20 

17.25 

t i “tt 

Control 

' ^ ^ 

! 

15 

25 

21 

34 

17 

25 

20 

21 

20 

26.25 

19.50 

Difference of 4.93 between means of treatments = 5 per cent level of significanc 

e. 
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(3) The results with copper and sulphur eoinpounds were not indica- 
tive of their prospective value for this purpose. 

The New Improved Ceresan treatment for durations of 2 and 5 minutes 
caused both bulb and flower injury, the latter affecting about 90 per- cent 
of the flowers produced. In all other treatments the condition of the flowers 
was equal to that in the checks. Since a similar treatment, applied at plant- 
ing time, is an established practice in commercial narcissus culture, further 
work was undertaken to find means of reducing or avoiding the flower injury 
that results from prestorage applications. 

Experience had shown that flower injury from treatment with ethyl 
mercury compounds preceding storage could be reduced by delaying the 
treatment for 1 to 2 weeks after harvesting, during which period the bulbs 
became appreciably more dry and firm. As previously mentioned, the 
reduction in phytotoxic effects was accompanied by a serious loss in 
efficiency of rot control, the amount of rot becoming equal to that in non- 
treated samples when the treatment was deferred for 2 weeks. In an effort 
to fix an intermediate point at which a minimum of flower injury occurs 
while the fungicidal benefits are preserved, a second experiment, immedi- 
ately following the first, was conducted, using the same bulb stock and 
sampling methods. Different samples were immersed in New Improved 
Ceresan solution, composed of 1 lb. of chemical in 32 gal. of water, for 2, 5, 
or 10 minutes on the third day after digging. Similar sets of samples were 
treated at intervals of 6, 9, 12, and 15 days after digging. The treated 
bulbs were placed immediately in wire-bottomed trays to dry in the open 
air, and thereafter stored in 4 replicate blocks with a modified Latin square 
arrangement of samples. Despite their exposure in this way, the bulbs 
remained wet for irregular periods, and the projected 2-minute immersion 
was prolonged in effect so as to approximate the longer treatments. The 
results as regards control of basal rot are shown in table 2. 

It is evident from the figures showing the number of bulbs rotting after 
treatment for 2, 5, or 10 minutes that the duration of treatment had but 
little effect on its efficiency in preventing rot. Thus the total numbers of 
bulbs rotting in all samples treated for 2, 5, and 10 minutes are respectively 
306, 286, and 263, and the corresponding means are 15.3, 14.3, and 13.2. 
On the other hand, the total numbers of bulbs rotting in all samples treated 
at each of the 3-day intervals after digging are 62, 109, 205, 212, 267, show- 
ing a progressive increase in rot from the first 3-day interval to the fifth. 
The corresponding means are 5.17, 9.08, 17.08, 17.67, 22.25 and each differ- 
ence is significant, except between the 3rd and 4th intervals. Since the 
duration of the treatment had no significant effect on control of rot, mean 
differences between the 2-, 5-, and lO-miiiute treatment periods w’ere not 
computed but these data were combined to show' the highly significant dif- 
ferences due to the period of delay in treating. 

As before, the remaining healthy bulbs were planted out to observe the 
effect of the treatment on growth and flowering (Table 3). Flower injury 
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TABLE 2. — The development of basal rot of narcissus bulbs in storage following 
treatment with New Improved Ceresan at successive intervals of S days between time of 
digging and time of treatment. All treatments in a solution of 1 lb, of chemical to S2 
gal. of water 


Interval between 
harvest and 
treatment 

Eeplicates 

No. of bulbs per sample of 50 that 
rotted in storage after treat- 
ment for 

Mean for 
treatment 
interval 


2 min. 

5 min. 

10 min. 

Vays 

Number 






1 

7 

3 

8 



2 

6 

2 

5 


3 

3 

5 

6 

8 



4 

4 

2 

6 



Mean 

5.5 

3.25 

6.75 

5.17 


1 

14 

9 

3 



2 

12 

8 

10 


6 

3 

6 

14 

7 



4 

7 

11 

8 



Mean 

9.75 

10.5 

7 

9.08 


,1 

21 

16 

14 



2 

24 

20 

19 


9 

3 

11 

14 

19 



4 

15 

15 

17 



Mean 

17.75 

16.25 

17.25 

17.08 


1 

13 

17 

12 



2 

20 

23 

18 


12 

3 

20 

18 

14 



4 

21 

22 

14 



Mean 

18.5 

20 

14.5 

17.67 


1 

23 

25 

17 



2 

32 

19 

16 


15 

3 

22 

18 

25 



4 

23 

24 

23 



Mean 

25 

21,5 

20.25 

22.25 

Mean for immersion period 

15.30 

14.30 

13.15 


Difference of 2.735 

between means 

of treatments = odds of 19 : 1 


3.657 


■(( a 

a it 

99: 1 



was manifestly severe, being nearly total in the bulbs treated 3 days after 
digging, and marked in all the others up to the 15-day interval, when it 
became practically 0. Furthermore, significant differences in flower injui'y, 
in contrast to the results on rot control, appeared in the bulbs treated for 
different periods from 2 to 10 minutes. Thus, in the 9-day treatment inter- 
val, the 2-minute duration caused flower injury in only about 10 per cent 
of the bulbs as contrasted wdth about 68 and 95 per cent injury in the 5- and 
10-minute durations. It may be seen in table 2 that the 2-minute treatment 
on the 9th day after digging caused a significant reduction in rot which, in 
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TABLE 3. — Flotver injury resulting from l)ull) treatments given 'before storage as 
listed in table 2 


Interval between 
harvest and 
treatment 


Flower injurj’’ after treatment for 

Mean for 
treatment 
interval 

-Rcjjli-Ciitiyb 

2 min. 

5 min. 

10 min. 

Days 

Number 

Per cent 

Per cent 

Per cent 

Per cent 


1 

100 

88 

100 



2 

100 

100 

100 


3 

3 

100 

100 

100 



4 

74 

44 

79 



Mean 

93.5 

83.0 

94.8 

90.4 


1 

38 

92 

100 



2 

87 

100 

100 


6 

3 

90 

79 

96 



4 

89 

100 

100 



Mean 

76.0 

92.8 

99.0 

89.3 


1 

5 

88 

100 



2 

10 

94 

91 


9 

3 

14 

68 

95 



4 

15 

21 

100 



Mean 

11.0 

67.8 

96.5 

58.4 


1 

4 

63 

62 



2 

30 

47 

100 


12 

3 

24 

69 

84 



4 

22 

33 

92 



Mean 

20.0 

53.0 

84.5 

52.5 


1 

0 

0 

0 



2 

0 

0 

8 


15V 

3 

0 

0 

0 



4 

0 

0 

0 



Mean 

0 

0 

' 9 

00.7 

Mean for immersion period 

40.1 

59.3 

75.4 



a Data from the 15-day interval were not used in the variance analysis. 

Significance involving day interval 
Difference of 4.489 between means of intervals =: odds of 19 : 1 
u 6 036 '' '' '' 99: 1 

Significance involving periods of immersion 
Difference of 3.888 between means of periods of immersion = odds of 19 ; 1 
a it 5.227 99* 1 

terms of mean number of rots per sample of 50, amounts to 18 as compared 
with 25 for treatment on the 15th day and (from Table 1) 26 for no treat- 
ment at all. 

There are circumstances when even this 31 per cent reduction in rot 
would be more important than the associated 11 per cent flower injury ; for 
example, when a grower is building up a stock of valuable novelties, but for 
commercial purposes the control of rot would have to be improved to the 
level of the 3rd or 6th day treatment without the correlated increase in 
flower injury. This might be achieved by reducing the concentration of 
chemical or, in view of the previous observation that delay in natural drying 
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of the bulbs after treatment may invalidate the regulation of the treating 
time, by drying the bulbs artificially. 

Experiments have been undertaken employing both of these modifica- 
tions. In them, as well as in commercial -scale tests by several growers in 
Long Island, New York, it was found possible to prevent basal rot in storage 
to a high degree and without encountering any visible bulb injury. The 
actual flowering records of the treated bulbs have not yet been obtained, 
and publication will, therefore, be deferred. 

SUMMARY 

Chemical sanitizing treatments of narcissus bulbs applied prior to the 
period of summer storage have been found to effect a marked reduction in 
basal (Pusarium) rot during the storage period. 

Of the various kinds of fungicidal materials thus far tested, certain 
mercury compounds, particularly ethyl mercury chloride and ethyl mercury 
phosphate, have proved most effective. With these materials, a 2-minute 
immersion of the bulbs is equal to longer treatments up to 10 minutes, in 
protecting against rot. 

Treatments applied soon after the bulbs are dug, more effectively pre- 
vent rot than do those applied later. The protective effect is practically 
lost in treatments delayed for more than 2 weeks. 

Both of the ethyl mercury compounds cause flower-bud injury, manifest 
in the subsequent production of crippled flowers, when the treatments are 
given too soon after the bulbs are dug. This injury increases with the time 
of immersion and diminishes with the length of interval between digging 
and treating, becoming negligible after a delay of 2 weeks. 

A practicable compromise between the conflicting requirements of ade- 
quate protection against rot and minimization of flower injury is fore- 
shadowed but has not definitely been reached. 
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THE CONIDIAL PHASE OP SCLEROSPOEA NOBLEI 
William H* W e s t o n i 
(Accepted for publication June 23, 1941) 

Jn 1929 the writer (11) described Sclerospora nollei, a new species, 
which had been found by E. J. Noble of the Department of Agriculture of 
New South Wales, occurring apparently endemic under natural conditions 
in Australia as a destructive parasite on Sorghum pUimosum Beauvois 
(Andropogon australis Sprengel), a native grass locally known as ^%ild 
sorghum,” of value as an abundant wild fodder for sheep and horses. At 
that time only the resting spore phase of this parasite was known; but as 
this, on comparison with other Sclerosporas^ especially Scl. sorghi (Kulk.) 
Uppal and Weston (13), the only one whose resting spores had been reported 
on any sorghum previously, proved to have adequate distinguishing char- 
acters, the species was established on this basis. Naturally, however, the 
writer hoped that its conidial, or perhaps sporangial, phase might be discov- 
ered so that our knowledge of the species might be extended and a more 
adequate basis for comparison might be available. Since then Dr. Noble 
has found the conidial phase and this, from material that he very generously 
sent the writer, proves, on comparison with other species, to be distinctive 
also. The purpose of the following note, therefore, is to supplement the 
previous paper by describing the conidial phase and noting the points of 
interest it presents. 

SEASONAL OCCURRENCE, SYMPTOMS, AND DEVELOPMENT 

The wild-sorghum host is perennial and, in the cooler regions of Aus- 
tralia, its new growth starts in September to October, the beginning of their 
summer. The conidial phase of the Sclerospora begins to become apparent 
soon after and continues for some months, material being collected by Dr. 
Noble as late as December, January, and February. 

The symptoms, like those of other systemic conidial Sclerosporas, involve 
the development, on successively unfolding leaves, of pallid, linear streaks 
from which, under favorable conditions, the downy growth of eonidiophores 
and conidia emerges. Like other conidial Sclerosporas also, the develop- 
ment of the eonidiophores and conidia takes place under natural field con- 
ditions during the early hours of the morning after the leaves have been 
covered for some time by the nocturnal condensation of dew. In the sum- 
mer months in Australia Dr. Noble noted this nocturnal production of 
conidia between 3 and 5 a.m., not only in the field but also in clumps trans- 
planted to the garden of his home near Sydney. 

By February the ensuing oogonial or resting-spore phase is already 
apparent on some infected clumps, the noticeable shredding of the leaves, 

1 Contribution from the Laboratories of Cryptogamic Botany and the Farlow Her- 
barium, Harvard University, No. 193. 
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Fig. 1. Conidial phase of Sclerospora nohlei. Camera lucida drawings from mate- 
rial preserved by Dr. Noble. Magnification x±375. Cf, scale. A. Typical conidiophore 
with bulbous footed basal cell, expanding main axis, and extensive branch system bearing 
numerous conidia of average size. B-C. Conidia of maximum size in situ showing the 
range in size and shape of the sterigmata from the single, long, slender branch ending 
of B to the short pair of 0. D. Bepresentative conidia, the middle 10 showing the pre- 
dominant sizes of 25-S0.9 X 20-22,9 |:i, the 6 at the left the small extreme, the 2 at the 
right the large extreme. E. Cerminating conidia showing typical germination by hyphae. 
F-H. Basal cells showing commonly encountered variations in size and structure. I-J. 
Besistant spores, at left intact showing the difficulty of discerning the characteristics of 
the enclosed oospore through the enveloping oogonial wall, and at right revealing these 
characteristics in the oospore squeezed out after treatment with acid. 
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so characteristic of this phase, becoming iiicreasingiy obvious throughout 
the remainder of the season. 


CHARACTERISTICS OP THE FUNGUS 

The conidiophores show the species to be allied to the destructive, pre- 
dominantly conidial, Sclerosporas of the Orient, for they are luxuriantly 
developed and arbusculate, 300-450 p in height, with a basal cell above 
whose septum extends the trunk-like main axis bearing the primary 
branches (usually 3) of approximately equal size and extent, which branch 
and rebranch more or less dichotomously to form an elaborate system whose 
ultimate tips bear the eonidia (Fig. 1, A). 

The basal cell, with its somewhat swollen or knobbed foot attached by a 
slender hypha through the stomata to the lobed clump of intramatrical 
hyphae in the substomatal chamber, extends upward, sometimes isodiametric, 
but usually expanding, its diameter from 8 to 13 p, usually around 10 p, its 
length from 68 to 110 p most commonly about 90 p, thus occupying about ^ to 
i of the complete trunk and to i of the total height of the conidiophore 
(Fig. 1, A). The septum, which delimits the basal cell from the main axis, 
may be a complete cross wall (Fig. 1, G, H) or a modification of the longi- 
tudinal wall substance in the form of a ring-like thickening (Fig. 1, F) that 
slightly or noticeably constricts the lumen. Karely is more than one encoun- 
tered (Fig. 1, F). 

The main axis expands gradually, reaching its greatest diameter of 
around 28 p (20-34 p) at a point about ^ to f its length beyond the septum, 
then remaining approximately isodiametric to the emergence of the 
branches, its length (exclusive of the basal cell) ranging from 120 to 200 p 
but usually about 170 p. The branch system is well developed and exten- 
sive, ranging from 70 to 130 p in height and 100 to 130 p in spread, and 
comprising 2 to 4 primary branches that give rise to the secondary, tertiary, 
or, in rare eases, quaternary sets, terminating in the tapering sterigmata, 10 
to 15 p long, that bear the eonidia. The sterigmata vary in length and basal 
thickness, depending on whether they are the short terminations of tertiary 
branehlets (Fig. 1, C) or the longer endings of secondary branches (Fig. 
1, B). In all cases they taper to ultimate tips of about 2p diameter on 
which the eonidia are borne. As a result, of the spreading branch system 
the eonidia are disposed over a somewhat parasol-shaped or hemispherical 
area. 

The eonidia vary in number in proportion to the extent and luxuriance 
of the branch system, being most commonly 24 to 48, rarely more, occa- 
sionally on depauperate conidiophores with reduced branch system as few 
as 6 or 8. 

The eonidia show considerable variation in shape, but are usually obovoid 
with the base tapering slightly to the point of attachment and the distal end 
bluntly rounded, the greatest diameter being a little more than half way to 
the tip (Fig. 1, D). 
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The eonidia are true conidia, the wall being thin and nearly equal 
throughout and absolutely lacking any thickened, modified papilla for de- 
hiscence. In consequence, the method of germination is by hyphae, usually 
one, very rarely more (Fig. 1, E), 

All the foregoing features, when taken together, contribute toward the 
characterization of the species, but no one of them in itself is particularly 
salient or diagnostic. 

The size of the conidia, however, is a dependable characteristic, which 
effectually distinguishes the conidial phase of Sclerospora nohlei. In this, 
as in other species of the genus, the conidial size shows considerable range, 
but serves as a reliable means of comparison and distinction when based on 
measurements of suitable numbers that express quantitatively the frequency 
of various size classes. 

The size characteristics of the eonidia of Sclerospora nohlei are presented 
in table 1. 


TABLE 1 . — Sisse meamrements of the conidia of Sclerospora nohlei on Andropogon 
australis in New South WaleSj Australia, From preserved material collected hy F, J, 
NoUe 


Length 

Diameter 

Classes 

No. of conidia 

Classes 

No. of eonidia 

in 

in 200 

in \i 

in 200 

21-22.9 

10 

13-14.9 

2 

23-24.9 

18 ■ 

15-16.9 

8 

25-26.9 

41 

17-18.9 

36 

27-28.9 

38 

19-20.9 

43 

29-30.9 

52 

21-22.9 

60 

31-32.9 

18 

23-24.9 

21 

33-34.9 

20 

25-26.9 

22 

35-36.9 

2 

27-28.9 

7 „ 

37-38.9 

1 

29-30.9 

1 


These measurements are from conidia collected by Dr. Noble during the 
period of optimum conidial production betwen 3 and 5 a.m., immediately 
killed in suitable fluid, and sent to the writer in preservative. The material 
was in excellent condition, well fixed and free from plasmolysis, but it should 
be noted that in the case of other species the writer, on comparing the mea- 
surements of long-preserved conidia with those of fresh conidia mounted in 
dew and measured immediately, has found that the preserved material 
usually shows a slight shrinkage. 

The size frequencies as here tabulated make no pretense at being a precise 
statistical study, for such is not necessary to bring out the salient character- 
istics. It is obvious from the table that, while the length varies from the 
extremes of 21 to 38.9 jj, and the diameter from 13 to 30.9 p, the range of size 
most frequent and representative was more restricted, 149 out of 200 being 
between 25-32.9 p in length, 103 out of 200 between 19 and 22.9 p in diam- 
eter. In size characters, therefore, they lie between the smaller, rotund- 
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spored forms such as /Sc^erospora (Rae.) Palm (3) on maize in Java 

with lengths most commonly between 17 and 24.9 p, or Sd. sorghi (Kulk ) 
Weston and Uppal (13), on sorghum in India, with lengths between 19 and 
24.9 p, and the elongate-ellipsoidal-spored form 8d. philippine 7 isis Weston 
(7) of maize in India and the Philippines, with most common len<vths 
between 31 and 36.9 p. 

^ Thus Sderospora 7ioUei presents an interesting combination of character- 
istics; its resting-spore phase distinguished by its relatively small oospores 
and especially by its oogonial wall, dark, closely adherent to the enclosed 
oospore and unusually thick, its bluntly rounded protrusions — ^not outbulg- 
ings but actual thickenings to as much as 20 p ; its eonidial phase distin- 
guished by the intermediate shape and size of the eonidia, which place this 
species between the forms with small, rotund eonidia and those with large, 
elongate-ellipsoidal eonidia. Both phases are regularly formed on the same 
host plant, the eonidial beginning early in the growing season and lasting a 
few months, the oogonial appearing later and persisting until growdh of the 
host ends for the season. 

Adequate characterization of Sderospora nohlei now necessitates extend- 
ing the diagnosis, previously based on the resting-spore phase alone, to in- 
clude the distinguishing features of the recently discovered eonidial stage. 
Also, further investigation has revealed that the previous description of the 
resting spore phase must be emended slightly with respect to the thickness 
of the oospore wall. Through the thick, dark, oogonial wall of these spores 
It is difficult to measure accurately the exact wall thickness of the enclosed 
oospore. Consequently, the writer has tried various methods for freeing the 
oospores of this and other species by mechanical cracking or chemical soften- 
ing of the oogonial wall. Of these, treatment with acids, as suggested to the 
writer by Dr. E. J. Butler in 1930, has proved most practicable. When, for 
example, the resting spores of Sd. noTylei are treated with concentrated nitric 
acid for 5 to 10 minutes, washed, and mounted, slight pressure on the cover 
glass will crack the oogonial walls, freeing the oospores intact (Pig. 1, I 
and J). These are apparently uninjured, and their diameter, 23 to 28.9 n 
for 82 out of 100, agrees with that of the 600 previously measured in situ. 
Their wall thickness, however, is much greater than the 1 to 1.5 p previously 
recorded, for, m 76 out of 100, this ranges from 1.75 to 3.25 p. Further in- 
vestigation is necessary to determine how much of this is actual and how 
much the possible effect of the acid. 

Diagnosis : Sderospora noblei^ 

"^nl’ basali inf erne in bulbo inflata 68-110 4, pie- 

z. "SXX'us » 

^ bcUrospora noblei jxoY, 
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Oosporis sphaeroideis, 20-34 plerumque 23-28.9 ji diam. Ryalinis vel pallido flavidis, 
episporio 1-3 crasso, intus granulosis, guttulis oleosis praeditis. Germinatio non visa. 

Hab. in foliis Andw^ogonis australis Sprengel, in N. S. Wales, Australia. 

Conidiopliores well developed, 300 to 450 jj, in height, comprising basal cell, main axis, 
and spreading branch system. Basal cell with knobbed or swollen foot, then slightly ex- 
panding or more rarely isodiametric, usually about 10 jj, (at times 8 to 13 in diameter 
extending for a length of 68 to 110 (usually about 90 to the delimiting septum, which 
is usually complete but may be a partial ring-like thickening. Main axis expanding gradu- 
ally above the septum, reaching its greatest diameter of usually about 28 |a (20 to 34 in) 
at a point about i to 3 its length beyond the septum, then retaining this diameter to the 
first branches, its length exclusive of the basal cell 120 to 200 jx, usually about 170 |x. 
The branch system well developed and extensive ranging from 70 to 130 pi in height and 
from 100 to 130 pi in spread with 2 to 4 large primary branches, then secondary, tertiary, 
or rarely quaternary ones ; terminating in tapering sterigmata usually about 10-15 pi 
long, which bear the conidia, the whole forming a subdichotomously deliquescent branch 
system so arranged that the conidia are spread over a parasol-shaped or hemispherical area. 

Conidia obovoid ranging from 21 to 38.9 pi by 13 to 30.9 pi^ most frequently 25 to 

32.9 pi by 19 to 22.9 pi. Conidia hyaline with thin, continuous, unmodified wall and 
granular content, germinating invariably by h3rphae. 

Besting spores (as previously described) showing rather obviously that they comprise 
a modified oogonium with oospore within. Oogonium usually ovoid, ellipsoid, pyriform 
or subspherical in shape, occasionally with bluntly rounded projections rendering it gib- 
bous and unsyminetrical, ranging in diameter from 28 to 44 pi. Oogonial wall closely 
adherent to the oospore within, the exterior protrusions not representing outbulgings, but 
rather involving actual increases in thickness of the wall, which most commonly is 5 to 
10 pi, at times only 3 pi, often as much as 20 pi. Wall dark, often scarcely transparent, 
color ranging from somewhat golden (Mars yellow Bidg.) to rich-brown (Brussels brown 
Bidg.), most commonly dark resinous amber (Sudan brown Bidg.). Fragment of oogonial 
stalk frequently adherent. Oospores regularly spherical, most frequently from 23 to 

28.9 pi in diameter, the mode between 25 to 26.9 pi, extremes ranging from 20 to 34 pi; 
wall hyaline to pale golden, 1 to 3 pi thick; content finely granular with aggregations of 
denser material and with masses of oily reserve substance, central to eccentric in position. 

Germination of the resting spores not yet observed. 

Both phases occurring on Sorghum plumosum Beauv. {Andropogon aus- 
tralis Sprengel) in New South Wales, Australia, collected by R. J. Noble. 
The conidial phase occurring on pallid streaks on the leaves in summer (Dec., 
Jan., Feb.), developing as a downy outgrowth at night when the leaves are 
wet with dew; the successive oogonial phase beginning in Jan. and Feb. and 
continixing to develop throughout the growing season, causing the disinte- 
gration of the interfascicular tissue and the fraying of the leaves into with- 
ered tangled shreds. 

DISCUSSION 

Now that our knowledge of Sclerospora noblei has been amplified by the 
discovery and study of the conidial phase, further points of interest merit 
consideration. 

The relationship of this species is now clarified, its conidia with finality 
precluding any alliance with the sporangial (potentially zoospore produc- 
ing) S'cZerospum graminicola, and definitely indicating association with the 
series of species characterized by true conidia. In this series the size and 
shape of its conidia place Scl. noblei in an intermediate position between 
the group with relatively small, rotund conidia (e.^., Scl. maydis and Scl, 
sorghi) and the group with larger, more elongate-ellipsoidal conidia (e.g., 
Scl, philippinensis and Scl, sacchari [1]), 

Moreover, Scl, noblei regularly develops both its conidial and its resting- 
spore phase successively on Andropogon australis^ a point of resemblance to 
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Sclerospora sorghi, M'hich forms both phases on Sorghum vulgare, but a 
distinct contrast to Scl. maydis, Scl. philippinensis and Scl. spontatiea (8) 
which, on maize, an introduced host, form only the prominent eonidial phase' 
but are suspected of developing both phases on wild grasses within their 
geographic range, and a point of disagreement with such species as Scl 
nortU on Erianthus in the Fiji Islands (10) and Scl. hutleri on Eragrostis 
in Nyasaland (12), in which the resting spore phase seems the predominant 
one or at least tlie only one as yet known. 

Furthermore, Sclerospora nohlei is distinctive and specifically character- 
istic in both its eonidial and its resting-spore phases, and can be identified 
with certainty in either. This distinctive individuality of both phases is in 
marked contrast to the situation in Scl. sorghi and Scl. graniinicola, which 
although absolutely distinct from each other in their respective eonidial or 

sporangial phases, are very difScult to distinguish in their resting-spore 
stages. 

In the second place, in the development of its eonidial phase Sclerospora 
noblei corroborates the correlation of eonidiophore production in Sclero- 
spora under natural field conditions with the nocturnal suffusion of the leaf 
surface with dew or other moisture, a correlation first formulated by the 
writer (9) in the ease of Scl. philippinensis and Scl. spontanea, and since con- 
firmed in the ease of other species by various investigators, most reeentlv bv 
Steyaert (4). j j 

Finally, Sclerospora nohlei, since its discovery by Dr. Noble ten years 
ago, has been found only on the one original host, Andropogon austraUs (2). 
During this time no evidence of its transfer to other hosts in the field has 
ever been encountered nor was Uppal (13) in his cross-inoculation studies 
with Scl graminicola, Scl. sorghi, and Scl. nohlei able to secure infection by 
Scl. nohlet on Andropogon sorghum, Pennisetum typhoideum, Setaria italica, 
Euchlaena mexxcana, and 3 varieties of mays, even though he used the 
same technique of inoculation by resting spores in the soil that has proved 
notably successful in the ease of other species. Possibly after the vicissi- 
tudes of their journey from Australia to India the resting spores may not 
have been germinable; in any ease, such negative results in a relatively small 
nui^er of tests can be regarded only as indicative rather than conclusive. 

Yet, despite the foregoing evidence, it does not seem safe to the writer to 
dismiss Sclerospora nohlei as of no potential menace to valuable cultivated 
gramineous crops, for the cumulative evidence from successful cross inocu- 
lations with other species (c/. 5, 6) seems to justify regarding anv Sclero- 
spora occurring on members of the Andropogoneae as possibly dangerous to 
cultivated Grammeae. Indeed, this species must now be considered as 
potentially even more dangerous than before, because its eonidial phase, 
Ithough not producing the vast quantities typical of Scl. philippinensis on 
maize (9), develops formidable numbers of infective conidia in successive 
crops for months during the growing season. 
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SUMMARY 

The writer’s original characterization of Sclerospora nollei on its dis- 
tinctive resting-spore phase is here supplemented by the description of its 
equally distinctive conidial stage more recently collected by Dr. Noble. The 
well developed, arbnsculate conidiophores and the true conidia ally this 
species with the predominantly conidial species of the Orient ; the size of the 
conidia, most commonly from 25 to 32.9 p by 19 to 22 p, together with the 
relatively small oospores and dark, unusually thick oogonial wall previously 
noted, distinguishing this species. 

The species is compared with others and such points of interest are noted 
as the regular occurrence of both reproductive phases on the same host, the 
development of the conidiophores at night when the plants are wet with dew, 
and the apparent limitation of this parasite to its indigenous Australian 
grass host. 

Harvard University, 

Cambridge, Massachusetts. 
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VARIETAL RESISTANCE TO BLOSSOM-END ROT IN TOMATOES^ 

P . A . Young 
(A ccepted for publication June 25, 1941) 

Physiological blossom-end rot has caused large losses each year in sprine 
tomatoes (Lycopersicon esculentum Mill.) in eastern Texas. Severe loss 
from blossom-end rot in most commercial fields of tomatoes in 1937 appar- 
ently resulted from abundant rains, promoting succulent growth of the 
plants, followed by unusually long periods of drought. Despite certain 
drought periods in the 3 succeeding years, rains were abundant and dis- 
tributed well enough to promote large yields of fruit; blossom-end rot caused 
relatively little loss in most of the fields of Marglobe and Rutgers tomatoes. 

REVIEW OF LITERATURE 

Brooks (1) reported blossom-end rot resulting from both drouofit and 
excess water. He described blackened placentae near the blossonnend of 
fruit with normal external appearance. Stuckey (5) found that resistance 
of tomatoes to blossom-end rot is inherited. Higgins (3) stated that 
blossom-end rot of pepper is caused by drought following a period of rapid 
growth of plants and fruit. Under such conditions, wilting leaves may 
remove water from cells in the blossom-end of fruits. More recentlv 
oster (2) found that high-nitrogen plants were very susceptible to blossom- 
end rot, whereas applications of superphosphate decreased the amount of 
this abnorma ity. Wedgworth (6) also presented data showing the relative 
amounts of blossom-end rot in several varieties of tomatoes; and the writer 
troubir^^^^ J'ecent commercial varieties as resistant or susceptible to this 

materials and methods 

In this work the fields in which the plants were set were plowed in 
November, and 600 lb. per A. of a 6-10-7 fertilizer were distributed in the 
rom late in March. Tomato seeds treated with red or yellow cuprous oxide 
were^planted m hot beds about February 10, and the seedlings were trans- 
planted 4 in. apart in cold frames about March 5. Early in April when 

t^fi transplanted from cold frame 

0 field, usually in units of 24 plants each. The plants were set 21 in. apart 

sire^^^T/ fiTr*’ ^^0 uue main stem and tied to a 

stake. The fields were cultivated frequently with sweep blades, from April 

June, to control weeds and to keep the soil crust broken. All plants re- 

ve'ar eLent f about May 7 each 
KSts w?tf W*'"’ fertilizer, as noted elsewhere, 

hunts with blossom-end rot were picked and recorded every 7 to 10 days 

No. 760 by the Director of the Texas Agri- 
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The plants were sprayed with calcinnx arsenate and copper fungicides to 
control insects and diseases attacking the leaves and fruit. 

The data in table 1 were obtained from plants growing in I ronton red 
soil that was abundantly infested with the tomato-wilt fungus, Fusarium 
lycopersici Sacc., but it was praeticall.Y free from the root-knot nematode, 
Heterodera marioni (Cornu) Goodey (8). Consequently, blossoni-end-rot 
data were recorded only for the varieties that showed time-weighted wilt 
resistance of at least 40 per cent. Wilt-susceptible varieties, ineludiug 
Bonny Best and Stone, were omitted from the table because the "plants dicnl 
of wilt before sufficient inforination was secured as to their susceptibility 
to blossom-end rot. 

EXPERIMENTAL RESULTS 

As recorded in table 1, the following varieties showed tlu^ most resistance 
to blossom-end rot : Blair Forcing, Break O'Day, Grothen's Red Globe, Long 
Calyx Forcing, Margiobe, Marhio, Marvana, Marvel, Michigan State, New- 
port, Pritchard, Surest Forcing, and ‘‘White-flowered" (9) selections. The 
resistance of the Pritchard, Margiobe, and “White-flowered" selections was 
evident also when the plants were grown in soil practically free from Fu- 
sarmm lycopersici. Thus, fusarium wilt showed no apparent effect on the 
resistance of the tomato varieties to blossom-end rot described in table 1. 
This may be explained by the fact that plants with moderate or severe 
symptoms of fusarium wilt may suffer from inadequate 'water, even when 
growing in moist soil. Poster (2) has stated that plants growing continu- 
ously with low soil moisture appear to be resistant to blossom-end rot. 

Comparative data on blossom-end rot in different varieties 'were secured 
also from tomatoes grown in fields free from soil-inhabiting parasites. 
Amounts of blossom-end rot were calculated separately for groups of rows 
of Margiobe (Landreth Certified) tomatoes without sprays and for groups 
of rows separately sprayed with 8 copper sprays each year. The plants were 
grown in fields of Norfolk fine sandy loam soil, practically free from 
Fusarmm lycopersici and Heterodera marioni. In the 4-year period, the 


TABLE 2 . — Selation of 'blossom-end rot to yield of tomatoes — 1940 



No. of 
plants 

Number of blossom- 

Tons of market- 

Tomato variety 

end-rot fruits per 
plant 

able fruit per 
acre 

Buckeye State 

Grothen’s Bed Globe 

129 

5.0a 

0.879 

122 

6.7 

6.825 

Gulf States Market 

1 132 

7.6 

7.694 

Illinois Baltimore 

132 

7.1 

6.497 

Lonisiana Bed 

128 

17.2 

5.688 

Margiobe 

127 

2.9 

8.339 

Pritchard 

125 

1.2 

8.762 . 

Butgers 

133 

7.1 

6.898 

^ ‘ White- flower ^ ^ selection 

135 

2.1 

7.717 


a Before June 5th, Buckeye State variety bore too few fruits to show its suscepti- 
bility to blossom-end rot. 
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groups of plants showed 0.1 to 1.7 fruits with blossom-end rot per plant. 
There was no correlation between the amount of blossom-end rot and differ- 
ences in the copper-spray formulae. The Marglobe tomatoes regularly 
showed strong resistance to blossom-end rot, with only a narrow range in the 


Fig. 1. Symptoms of blossom-end rot of tomatoes. A. Ordinary early externally 
visible symptoms consisting of brown or black blotches in peel. The following nnnsnal 
symptoms are illustrated: B, brown depressions indicating deep necrotic tissues in fruit; 
C, D, E, necrotic areas in fruits showing superficial brown depressions; F, vascular brown- 
ing near stem end associated with blossom-end rot, and possibly related to physiological 
core rot. 


amounts of tlie disease in the different years. This range was similar to that 
for Marglobe selections described in table 1. 

Table 2 eompares the amounts of blossom-end rot and yields of fruit of 
9 Tarieties of tomato, each growing in 6 randomized plots of Norfolk fine 



218 


Phytopathology 


[VoL. 32 


sandy loam, practically free from soil-borne parasites. The plants were 
set on April 4, 1940, and the records on blossom-end rot were first taken on 
May 25. The disease was more severe in Margiobe toniatoes gTowiiig* in this 
part of the field with very light sandy soil receiving 10~0~10 fertilizer in 
the side dressing, than in the adjacent part with heavier sandy soil and 
6-12-6 fertilizer in the side dressing. The difference may be due to the lower 
amount of phosphate and the lower ■water-holding capacity of the soil in the 
former part of the field. Although blossom-end rot decreases tomato yields, 
the lower yields were not closely correlated with the numbers of diseased 
fruits per plant. Such a correlation apparently is affected by differences in 
the fruit-setting tendencies of the different varieties. 

Also, in 1940, 100 plants of Buckeye State tomato, in a field of Huston 
soil, averaged 3.9 fruits with blossom-end rot per plant with the same fer- 
tilizer treatment as that described for the i)iants in table 2. In tlu‘ other 
experimental fields, the many varieties averaged less than 0.1 fruit with 
blossom-end rot per plant during this same year. 

The first externally visible symptom of blossom-end rot in eastern Texas 
usually appears as light-brown or abnormally dark-green, apparently water- 
soaked spots, iV to I in. wide in the |)eel of the blossom-end of tomato fruits 
•| to 3 in. in diameter. At first, the spots are limited to the subepidermal 
cells (Fig. 1, A). Later, the necrotic lesion enlarges until it involves deep 
tissues and the spot becomes a sunken, brown area wdth a distinct margin. 
Many of the small fruits become hemispherical or more extremely flattened 
from shrinkage of the lower part of the blossom-end-rotted fruit, a condition 
especially noticeable in the frnit of Louisiana Bed and Buckeye State varie- 
ties. Areas with blossom-end rot often are rotted by species of Altemaria 
and Fusarmm. In addition to these symptoms, an unusual type of the dis- 
ease appeared during rainy weather in June, mainly in Buckeye State 
tomatoes. These fruits had uneven surfaces wdth brown areas, indicating 
internal browm tissues (Fig. 1, B-E). 

The number of fruits with blossom-end rot per plant gives only an esti- 
mate of decreases in calculated yields, because varieties of tomatoes differ 
much in the number of fruits formed, and in the percentage of their fruits 
that develop the disease while they are very small. Estimates are iisefiil, 
however; so the following method of calculation was tried in 1939: Six 
bushels of green- wrap tomatoes eontained 1370 individual fruits with an 
average weight of 3.35 oz. each. With the usual 4978 plants per acre, loss of 
one blossom-end-rotted fruit per plant gave a calculated loss of | ton of fruit 
per acre. Blossom-end rot rarely causes greater loss of Margiobe tomatoes. 
Using a variety with ordinary susceptibility, Eutgers, 143 plants pro- 
duced an average of 4 large end-rotted fruits per plant, or a calculated loss 
of 2 tons of fruit per acre. A like loss was seen in 5 acres of the same variety 
in which blossom-end rot ruined more than half of the large yield of fruit. 

Eesistance to blossom-end rot may be stronger in one strain of tomato 
than in another strain of the same variety. For example, T708 Eutgers was 
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more resistant tlian T638 Rutgers, and T50 Marvelosa was more resistant 
than T57 Marvelosa. 

CONTROL 

Blossom-end rot is a physiological abnormality, attributable probably to 
a varietal weakness. Accordingly, the relative resistance to blossom-end 
rot may be related to the extent and efficiency of the root systems of dif- 
ferent varieties of tomatoes. Although there is a certain amount of varia- 
tion in the resistance to blossom-end rot in a given variety or selection in 
dilferent fields and from year to year, yet the range in such variation indi- 
cates that some varieties are resistant, while others are moderately or ex- 
tremely susceptible. 

Fall tomatoes in the Winter Garden region of Texas are grown in fertile 
soil. With the usual adequate irrigation, the plants suffer little from 
drought. The typically large vines cover the ground and develop fruit in 
October when the weather becomes cool. Surveys in that locality in 1936, 
1937, and 1939 showed that blossom-end rot was rare, even in the sus- 
ceptible Rutgers and other varieties of tomato. This is evidence that the 
rot may be controlled by irrigating tomatoes enough to avoid drought injury 
and facilitate abundant yield of fruit. Stuckey and Temple (4) found less 
of the disease following irrigation. 

Practical control of blossom-end rot of tomatoes without irrigation, in 
eastern Texas, consists mainly of planting the varieties Marglobe and 
Pritchard, using 600 to 800 lb. of 6-10-7 or 6-12-6 fertilizer per acre, and 
cultivating the plants to give them the most uniform, favorable water supply 
available each year. Even when the soil is moist, a day or more of warm, 
dry wind may cause some drought rigor in tomatoes. Shallow cultivation 
presumably delays the evaporation of water from wet soil, increases the 
oxygen available to the roots, makes the plants depend on deep roots in moist 
soil, and conserves water and fertilizer for the tomatoes by controlling the 
weeds. Tomato plants should be cultivated every 7 to 10 days, especially 
as soon as a soil crust forms after each rain or rainy period until most of the 
crop has been picked. The lightest sandy fields should be avoided, as they 
may favor the development of blossom-end rot. 

SUMMARY 

Marglobe and Pritchard are the commercial varieties strongly resistant 
to blossom-end rot in eastern Texas. The tests showed least blossom-rot in 
Blair Forcing, Break O’Day, Grothen’s Red Globe, Long Calyx Forcing, 
Marglobe, Marhio, Marvana, Marvel, Michigan State, Newport, Pritchard, 
Surest Forcing, and ‘^White-flowered” selections. Most of the other varie- 
ties tested were moderately susceptible to the disease. Riverside, Louisiana 
Red and Buckeye State were extremely susceptible. 

Fusarium wilt had no apparent effect on the resistance of tomatoes to 
blossom-end rot. 
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All iincommon symptom of blossom-end rot is described. 

Tomato Disease Laboratory, Jacksonville. 

Texas Agricultural Experiment Station. 

A. AND M. College op Texas. 
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HOST EANGE AND GROWTH-TEMPEEATURE 
RELATIONS OP CORYNEUM BEIJERINCKII" 

Clayton O. Smith and DonaldJ. Smith 
(Accepted for publication June 28, 1941) 

The shot-hole disease of Pnimis spp., caused by Coryneum lyeijerinckii 
Olid., has a wide geographical distribution. It is found in Prance, Italy, 
Germany, and probably in other parts of Europe, and has been reported 
from Asia, Argentina, Algeria, Australia, New Zealand, Mexico, and the 
United States. 

On peaches, in California, the disease has been observecU to cause a shot- 
hole effect on the leaves and to kill the young growth, but it is not found in 
equal severity in all the fruit-growing districts of the State. It is reported 
of rare occurrence in Santa Clara County and has never been observed in 
Alameda County. 

The host range of Coryneum heijermckii, as reported by Wilson,^ includes 
the following species of stone fruits: Prunus armeniaca L., P. aumm L., P, 
comnmnis Pritsch (P. amygdalus Stokes), P. davidiana Pranch, P. domestica 
L., P. laurocerasus L., P.padus L., P. persica Sieb. and Zucc., P. persica var. 
nectarina Maxim., P. serotina Ehrh., P. virginiana L. 

BlodgetU lists Prunus emarginata Walp. as susceptible to Coryneum 
heijerinckii in Idaho. Plachs’"^ reports that P. laurocerasus, the cherry- 
laurel, is occasionally attacked in Germany by an organism closely related 
to C. leijerinckii and states that reddish-yellow to brownish spots are found 
on the leaves, the tissue thus spotted eventually falling out and leaving a shot- 
hole effect. 

In southern California during the 1940-41 season, the rainfall, which 
occurred mostly in March and April, was approximately twice the normal 
amount, and conditions were especially favorable for the development of 
Coryneum on early-leafing varieties of stone fruits. The shot-hole disease 
was observed in plantings at the Citrus Experiment Station on leaves of 
Prunus fenzUana Pritsch (S.P.1. 27336), P. majestica Koehne (S.P.1. 55417), 
and P. umlellaia BIL, and in commercial orchards on leaves of almond, 
apricot, Japanese plum (very severe), and peach. Inoculation studies 
for the determination of host range and temperature studies of the disease 
undertaken at that time are herein reported. 

1 Paper no. 447, IJniversity of California Citrus Experiment Station, Biverside, Cali- 
fornia. 

2 Smith, Ealph E., E. H. Smith, T. E. Hunt, and B. J. Jones. California peach blight. 
California Agr. Exp. Stat. Bull. 191: 73-98. 1907. 

3 Wilson, Edward E. The shot-hole disease of stone-fruit trees. California Agr. Exp. 
Stat. Bull. 608: 40 p. 1937. 

4 Blodgett, Earle. Fruit diseases reported from Idaho. U. S. Dept. Agr. Bur. Plant 
Ind. PI. Dis. Eptr. 21: 215. [Mimeo.] 1937. 

5 Flachs. Schrotschusskrankheit an Kirschlorbeer. Blumen und Pflanzenbau 42; 65. 

1927.,.',, . . ■ ■ 
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ARTIFICIAL INOCULATIONS 

Artificial inoculations with Coryneum heijerimJm were made on different 
species of Prumis. The cultures used in the inociilations were isolated 
from peach, apricot, and almond. These isolates appeared to be indis- 
tinguishable as to character, and were readily eross-inoculable between 
different species of Priimis. 

Spores of Corynemn l)eijerinclcii were atomized onto the new growth of 
leaves and stems. ‘While still wet, the stems were punctured by means of 
a steel needle. (The leaves were not punctured.) Some inoculations did 
not require protection to maintain proper moisture coiiditions for develop- 
ment of the infection; others were enclosed for 48 hours in a moist chamber 
or in a cellophane sack. So far as is known, no previous re]K)rts of com- 
parative inoculations with spores of (J. beijerinckii on Pranus have been 
made. 

About 1 to 2 weeks after inoculation, typical spots appeared on the 
leaves. The diseased tissue soon dropped away and left the typical shot 
holes. The following species of Prunus Avere found to be suseeptible to 
inoculation with Coryneum beijerinckii: P. alleghaniensis Porter,^® P. 
angustifolia Marsh, ^ P. armeniaca L., P. armeniaca var. mmidshurim 
Maxim., ^ P. avium L., P. hesseyi P. bokhariensis Royle (S.P.I. 

40223), P. carolmiana Ait. (Lmirocerasus caroliniana Eoein.), P. cerasifera 
Bhrh.,'^ P. davidiana Pranch (S.P.I. 36664), P. demissa Walp. (P. virginiana 
var. demissa Torr.), P. domestica var. insvtiiia Bailey,* P. fenzUana 
Pritsch (Amygdalus fenzliana [Pritsch] Ivorsh.) (S.P.I. 27336), P. fre- 
montii Wats., P. hortidana Bailey,* P. ilici folia Walp., P. kamuensis {Amyg- 
dalus kansuensis [Rehder]) (S.P.I. 68976), P. lyonii Sarg., P. mahaleb L., 
P. majestica Koehne (S.P.I. 55417) , P. maritima Marsh,* P. niexicana Wats., 
P. mume Sieb. and Zucc., P. munsoniana Wight and Hedr.,* P. orthosepala 
Koehne,* P. persica Sieb. and Zucc., P. pmardii Koehne, P. pseudo-cerasus 
Lindl. (S.P.I. 18587), P. reverclionii Sarg.,* P. salicma Lindl., P. serotina 
Ehrh., P. spinosa L., P. texana Dietr., P. nmbellata Ell. (S.P.I. 38974), P. 
watsonii Sarg., P. yedoensis Mats.,* Primus spp. (S.P.I. 31652, 33217, 56121) 
Tunisian almond (S.P.I. 101096). 

Lesions on stems caused by inoculations through puncture wounds 
developed on Prunus armeiiiaca, P. kansuensis^ P. persica, P. mahaleb, P. 
mira Koehne (S.P.I. 34601), P. munsoniana (lesions coalesced with gum 
formation), P. and P. i/edoeims. 

While as noted by Wilson,^ moisture is an important factor in the develop- 
ment of Coryneum beijerinckii on host plants, age of the leaves is also 
important. Young, succulent leaf tissue proved more favorable for spore 
infection than older leaf tissue. This fact was observed in many of the 

6 The species marked with an asterisk (^) were secured from the Arnold Arboretum 
as seed or scions. 

7 Wilson, Edward E. The shot-hole disease of stone-fruit trees. California Agr, 
Exp. Stat. Bull. 608: 40 p. 1937. 
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inoculations, especially those on apricot leaves and on leaves of Pnnus 
lyonii Mid P^ ilicifolia, 

Leaf infections of 3 evergreen species of Pnmus^ P. ilicifolia, P. lyonii^ 


Pio. 1. Leaves of Prunus spp. artificially inoculated by atomizing the uninjured 
leaves with spores from cultures of Coryneum 'beijerincMi isolated from Frunus spp. A. 
P. ilicifolia (from almond) after 15 days. B. P. ilicifolia (from apricot) after 20 days. 
G. P. demissa (from peach) after 8 days. D. P. orthosepala (from P. caroliniana) after 
6 days. E. P. caroliniana (from apricot) after 25 days. E, G. F. lyonii (from almond) : 
P, after 45 days; G, after 6 days. H. P. texam (from apricot) after 14 days. I. P. 
mexieana (from peach) after 13 days. J. P. hortulana (from almond) after 12 days. 
K. P. hesseyi (from apricot) after 19 days. L. P. reverohonii (from apricot) after 19 
days. M. F, maritima (from peach) after 12 days. 

and JP. caroliniana^ nxe shown in figure 1. These species are closely allied 
with P. laurocerasus. On P. lyonii (Pig. 1, P) there was one large infected 
area that did not fall out, and seyeral smaller ones. The same was true of 
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infected areas on P. ilicifoUa. Lesions were produced on leaves of P. caro- 
liniana by infection through natural injuries, as well as through the stomata. 
Several of the infected areas dropped out, and the resulting shot-hole effect 
may be seen in figure 1, B. These 3 species and the other species of Primus 
illustrated in figure 1, P. hesseyi, P. demissa, P. hortulana, P. maritima^ P. 
mexicana, P. orthosepala , P. reverchonii, and P. texana, are all native to the 
United States. 

The different species of Primus do not appear to be equally susceptible to 
Coryneum leijerinckii, but the data on this subject are not sufficient for 



TEMPERATURE IN DEGREES CENTIGRADE 

Fig-. 2. Curves showing growth-temperature relations of Coryneum heijerineMi iso- 
lated from apricot (Prunus armeniaea) , yes.ch (P. persica), and almond (P. communis), 
when grown at constant temperatures. Optimum mycelial growth occurred at about 19° 6. 

comparison of susceptibility. The results of inoculation of P. domestica^ P. 
salaoim, and P. serotina showed only a few spots and spot holes. P. hesseyi 
developed a few brownish spots 2 to 3 mm. in diameter. P. horUilana^ P, 
revercKoni% and P.uml)ellat a SiTe extremely msee'ptilole. 

From the positive results obtained in the inoculation tests, it appears 
that the organism is omnivorous and that other species of Prunus' will be 
susceptible under favorable conditions. 

GROWTH-TEMPEEATURB RELATIONS 

Temperature is believed to be an important factor in the development 
of Coryneum heijermckii. The disease annears to develo-n best at tei'n-ne-ra- 
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tures prevalent during cool rainy weather of winter and spring in Cali- 
fornia. 

Growth from pure cultures of the 3 isolates (from apricot, peach, and 
almond) was tested at constant temperatures of 8, 13, 19, 23, 27, 30.5, and 35 
degrees C. for a period of 1 week, and measurements of the diameters of the 
colony were made every 2 days. The curves (Pig. 2) are similar for 
each of the isolations: with increase in temperatures, the growth curves 
became much steeper ; optimum growth occurred at about 19°. Growth was 
considerably reduced at 27°, and none occurred at 30.5° C. (Pig. 2 and 3). 



Fig. 3. Relative size of colonies of Coryneum heijerincMi from apricot, after 7 days7 
growth on glucose-potato agar at the temperature indicated (°C.). 

Spore formation was observed in the colonies at the lower temperatures. A 
few spores were formed at 8° and 13®, and there was abundant spore forma- 
tion at 19® and 23®. No spores were observed at the higher temperatures of 
27® and 35® C. 

SUMMARY 

Inoculations with Coryneum heijerincMi on leaves and stems of Prunus 
spp. gave positive results of infection on about 35 species. The disease was 
indicated by a shot-hole effect on the leaves, although spots that did not fall 
out sometimes appeared in the leaf tissue. The spots appeared on the 
uninjured leaves in 1 to 2 weeks after inoculation. 

From inoculation tests so far, it seems apparent that the organism is 
omnivorous in attacking species of Prunus. Among the species showing 
positive results were P. ilicifolia, P. lyoniij and P. caroliniana, all ever- 
green species under California conditions. P. demissa, the western choke 
cherry, was also susceptible. 

Optimum development of the organism in culture tests occurs at about 
19® C. A few spores are produced at 8® and 13®. Abundant sporulation 
occurs at 19® and 23® ; no spores were observed at temperatures of 27° and 
higher. 

University of California, 

Citrus Experiment Station, 

Kiverside, California. 


MEASURING MAGNITUDE OP A DEFOLIATION DISEASE 
OP TOMATOES' 

James G. Horsfall and John W. Heuberger 
(Accepted for publication July 2, 1941) 

INTRODUCTION 

One of the difficult problems in plant pathology is to measure rapidly and 
precisely the magnitude of disease attack. Stevens (6) has recently made 
an earnest plea for recording disease attack, even though cpiantitative 
methods for making such measurements may not be available. 

■While making a quantitative study of the performance of protective 
fungicides on tomato foliage, it became imperative to make first a quanti- 
tative study of magnitude of infection. Otherwise, the effect of the fungi- 
cide on infection could hot be measured with precision. 

When dealing with a large number of field plots, it is necessary to have a 
rapid method that is also precise. McKinney (5) has proposed a rapid 
technique that depends upon grouping plants into 5 classes based on magni- 
tude of disease. This method is less objective than desirable because it 
depends somewhat upon judgment. Likewise, its precision was not known. 
The objectiveness and precision of the method have been investigated. 

materials and methods 

The defoliation disease of tomatoes caused by AUernaria solani w^as used 
as the test disease. The comparative data were obtained from a series of 
plots sprayed with various copper compounds where the amount of disease 
varied with the performance of the materials. 

Counting Disease 

Counting leaf spots is highly recommended, because of its objectivity, as 
a method of measuring magnitude of infection, but it is seldom used because 
it is so slow that not enough plants can be examined in an experimental plot 
to offset the errors due to plant variability. The objectivity is somewhat 
less than perfect, also, if more than one disease is prevalent or if insect punc- 
tures are present. 

The number of counts can be reduced without sacrificing much objec- 
tivity if leaves are divided into 2 groups — ^liealthy and sick, as Martin (4) 
has done in his research on tomato fungicides. Even this is much too slow. 
The fewest counts, and, therefore, the fastest method, is to divide plants into 
2 groups — ^sick and healthy. This method has a low order of precision, how- 
ever, because the number of plants required for precision at both ends of the 
scale cannot be provided in any reasonably-sized experimental plot. 

1 The research, for this paper was begun at the New York State Agricultural Experi- 
ment Station, Geneva, N. Y., and completed at the Connecticut Agricultural Experiment 
Station, New Haven, Conn. It was conducted in cooperation with the Crop Protection 
Institute. 
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The McKinney Grouping Method 

The McKinney (5) method is essentially a compromise in this case. As 
applied here to a defoliation disease, it has the rapidity of the plant-counting 
technique because the condition of individual plants is recorded. It has 
most of the precision of the leaf counting technique because each plant is 
ranked into 1 of 5 groups on the basis of the leaf area attacked. It loses a 
certain amount of objectivity, however, because the individual leaves are not 
examined. The amount of disease on the leaves is estimated. 

The infection ratings are based, therefore, on the relative proportion of 
total leaf area on the individual plant killed by fungus attack. The infec- 
tion categories are as follows: 0 = inf ection-f ree or nearly so, 1 = trace to 25 
per cent of leaf area killed, 2 = 26 to 50 per cent killed, 3 = 51 to 75 per cent 
killed, 4-76 to 100 per cent killed. In practice 2 men should record data 
on any series of experimental plots. One man walks crosswise of the plots, 
so that they lose their identity. He calls out the category number of each 
plant. This is recorded by the second man on a plot map. The data are 
calculated by the following formula : 

T r. . T Z category numbers 

Infection index = — x 100 

No. plants x 4 

The 4 in the denominator represents maximum infection and 100 is used to 
convert to percentage. In dealing with fungicides the infection index is 
subtracted from 100 to give percentage control, which brings the data into 
line with other toxicological data. 

Marsh, Martin, and Munson (3) state that the grouping procedure is 
open to statistical analysis on the basis that ‘^although the estimates are not 
necessarily in direct linear relation to the amount of fungus present . . . , 
they are reducible to a linear function of this amount. ^ ’ 

The chief draw^back to the method is that it is difficult to assign the same 
meanings to the inf ection categories from time to time. This, however, is not 
particularly troublesome to the trained observer. 

Experience has shown that McKinney^s 5 groups make a useful number. 
Marsh, Martin, and, Munson (3) used 10 for a project on potato fungicides; 
but it seems to the writers that use of 10 groups adds more confusion by 
doubling the number of border-line possibilities than it adds in precision. 
With 5 groups the dividing lines are so far apart that errors in judgment on 
border-line cases are insignificant. 

Yield 

Yield records are usually considered close approximations to objective 
records, and they have found some favor as a measure of magnitude of dis- 
ease. Fungicides are often compared through yield, but, since fungicides 
often dwarf plants, their protective value cannot always be compared 
through yield. 

In the ease of vegetables that, like tomatoes, are picked fresh, yield 
records are particularly difficult to assess because of the difficulty in assign- 
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ing’ a valid criterion of ripeness. Fruits on defoliated tomato vines usually 
come up to an orange color, seldom to the deep red that fruits attain on iion- 
defoliated plants. Obviously, both do not come to the same stage of ripe- 
ness. As will be shown elsewhere (2), x'elation bet'vveeii disease and yield of 
ripe tomato fruit may be negative, absent, or positive depending upon many 
factors. 

EXPERIMENTAL 

The fungicide experiments at Geneva, N. Y., in 1938, offered an oj)por- 
tunity for comparing several methods of recording magnitude of iirfeidion 
because AUernaria solani attacked so frequently that the untreated plants 
were almost completely defoliated by mid-September. The treatments dif- 
fered sufBeiently among themselves to give a spread in magnitude of infec- 
tion over almost the whole range. 

For each treatment there were 4 replicate field plots of 20 plants each of 
a pure line of John Baer tomato. There were 12 treatments and a check. 

The amount of stem-end rot was recorded on the ripe fruits as they were 
picked during the season. At the end of the season in late September, the 
following data were recorded (Table 1) : infection index, as just described, 

TABLE 1 . — A comparison of various methods of measuring incidence of defoliation 
on tomatoes caused hy AUernaria solani at Geneva^ N. Y. m 193S 


Treatment 

Disease 

index 

Wgt. of 
green fruit 

W'gt. per 
green plant 
less fruit 

Leaves 
killed per 
plant 

Stem-end 
rot on fruit 


Per cent 

Pounds 

Pounds 

Per cent 

Per cent 

A 

34.8 

5.06 

2.41 

29.5 1 

14.7 

B ' 

47.2 ! 

5.41 1 

2,40 

30,1 

22.0 

0 

50.2 

5.81 

2.43 

30.4 

24.1 

D 

53.0 

4.84 

2.39 

33.8 

26.7 

E 

58.8 

5.01 

2.30 

36.4 

25.0 

F 

61.8 

4.71 

2,07 

39,3 

32.6 

G 

62.8 

3.88 

2.06 

41.3 

34.9 

H 

65.0 

4.22 

2.00 

42.1 

43.5 

I .. • 

65.2 

4.25 

2.03 

47.0 

39.9 

J 

71.6 

3.84 

1.89 

48.1 

35.2 

K. 

86.6 

2.36 

1.43 

58.7 

44.5 

L 

99.4 

1.88 

1.07 

66.4 

51.5 

Check 

99.6 

2.17 

1.18 

68.7 

48.1 


green weight of fruit, green weight of vine less fruit, number of dead, sick, 
and healthy leaves per plant (5 plants only per plot). The data have been 
studied by graphic comparison. 

Eelation between Infection as Judged and as Counted 

The relation is linear between the infection index obtained by the subjec- 
tive judging technique and the percentage of leaves killed or the percentage 
of fruits invaded b^^ stem-end rot, obtained by the more objective counting 
technique (Fig. 1, A and B) . When the curves are extrapolated, they inter- 
sect the abscissa at the zero point in each case. It is clear that the judgment 
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nietliod of recording’ niagnitnde of infection is not only valid and, therefore, 
sufficiently objective within this experiment, but it also is precise. 

It is noteworthy that the curve relating killed leaves to infection index 
reaches the ceiling of infection index at about 65 per cent of killed leaves. 



Fig. 1. A graphic comparison of methods of measuring magnitude of infection by 
AUernaria solani on tomatoes. A. Relation between infection index and percentage of 
fruits affected by stem-end rot. B. Relation between infection index and percentage of 
leaves killed. C. Relation between infection index and weight of green plants less fruit. 
B. Relation between infection index and weight of green fruits at the end of the season, 
E. Relation between percentage of fruits affected by stem-end rot and percentage of 
leaves killed. 

The reason for this seems clear. The visual readings are based on the area 
of leaves, Avhereas the counting system is based on the numler of leaves that 
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have been killed. In the counting system a relatively resistant tiny new 
leaf, just unfolded at the apex of the stem, carries as much weight as a big 
susceptible leaf at the base, so that not more than 65 per cent of the total 
number of leaves may have been killed on plants that look almost denuded 
of effective foliage. Stated otherwise these data emphasize clearly that 
counting the number of leaves killed does not give as true a picture of the 
number of successes registered by the fungus as an estimate of the leaf area 
destroyed, despite the fact that the former is a more nearly objective iiiethod 
than the latter. 

Since both the percentage of infection on leaves and percentage of infec- 
tion on fruit bear a linear relation to infection index, it follows that the 
relation between the two should be linear. A simple plotting of the data 
(Pig. 1, E) shows that such is the case. 

Eelation between Infection Index and 'Weight of Green 
Fruit and Green Plant 

The weight of green fruit and the weight of the green plant less fruit at 
the end of the season can be nieasured objectively. They should be closely 
correlated inversely with the infection index because the tissues not directly 
affected by disease are present for weighing. It was of interest, therefore, 
to observe a linear relation between disease index and weight of green fruit 
and 'weight of green plants less fruits (Pig. 1, C and D). Here it is also 
clear that the grouping technique gives valid and precise data. 

Agreement between Workers 

During 1940 a similar experiment w^as made on Scarlet Dawn tomatoes 
at New Haven, Conn., comparing 7 copper materials with a check, on 4 
replicate plots of 10 plants each, making a total of 280 plants. On Septem- 
ber 7, when the disease was becoming serious, the plots were rated inde- 
pendently by each of 3 workers after a preliminary conference on the group- 
ings. Data (Table 2) show that every material, with a single exception, w^as 


TABLE 2 . — Eeadings of disease index on plots of tomatoes treated with different 
fungicides to control Alternaria solani 


Treatment 

Eeader No. 1 

Header No. 2 

E.eader No. 3 

A 

62.0 

66.5 

66.2 

B 

63.0 

69.0 

68.3 

0 

76.0 

73.5 

77.0 

H 

79.0 

78.5 

79.5 

E 

80.5 

79.5 

79.0 

E 

87.5 

86.5 

84.0 

G 

90.5 

87.5 

87.5 

H 

99.5 

98.5 

98.0 


rated in precisely the same order by all 3 readers, even when the materials 
differed by only 2 or 3 per cent. The single exception is materials D and B, 
where D was rated i per cent better and 1 per cent better than E by readers 
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No. 1 and No. 2 respectively, but it was rated -J per cent poorer by reader 
No. 3. 

Usefulness for Dosage-control Curves 

There is one last bit of interesting evidence of the precision of the tech- 
nique. RecentUq it has been shown that dosage can be related in a linear 
fashion to disease control (1) and that data obtained with the McKinney (5) 
technique fit the curves smoothly. 

DISCUSSION 

The precision of the McKinney infection-index technique is most striking, 
as shown by the linear relations to the counted percentage defoliation, per- 
centage of stem-end rot, green weight of vine less fruit, and green weight of 
fruit. The agreement for most of the points is so close that any point off 
the curve is worthy of further investigation as an aberrant case, not as 
throwing doubt upon the validity of the agreement. In the ease of weight 
of green plant less fruit the only point off the curve is the first one. This 
shows lower green weight than expected. This point is for Bordeaux mix- 
ture, which is already known to dwarf tomatoes. 

The technique is somewhat less than completely satisfactory for compar- 
ing one year with the next, because it is difficult to keep the standards un- 
changed. This would also be a difficulty in comparing records at one research 
station with those at another. Nevertheless, for one investigator and espe- 
cially for one series of plots, the technique is well adapted. 

It is probable, however, that any judgments are influenced by the general 
level reached in any particular season. If most of the plants are infected, 
a mediocre plant may pass for excellent, but if most plants are not infected 
a mediocre plant may pass for poor. 

This difficulty can be reduced by preparing charts as standards, such as 
those used by the cereal-rust investigators. 

SUMMARY 

The McKinney rapid technique for measuring the magnitude of infection 
of a plant disease has been applied to tomato defoliation. 

Each plant is examined by walking crosswise of the plots and assigned 
an arbitrary number from 0 to 4, ranging from no disease to complete defoli- 
ation. The ratings are summed, divided by the total number of plants multi- 
plied by 4, since 4 is the highest possible amount of disease. The quotient 
is multiplied by 100 to convert to percentage, which is called index of 
infection. 

This rapid, if somewhat subjective, method of measuring infection was 
found to bear a linear relation to the following approximately objective 
methods of reading infection on the same plots: (1) percentage of leaves 
killed by the fungus, (2) percentage of fruits invaded by stem-end rot, (3) 
weight of green plants less fruits at time of reading, and (4) weight of green 
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fruits at the end of the season. Using this rapid technique 3 men read 8 
spray treatments and rated them in the same order of effectiveness. 

From these facts it follows that the niethod is valid, precise, and suffi- 
ciently objective. 

Although the method is precise for reading a single series of fields or 
plots, it has the loophole that tlie standards are difficult to maintain precisely 
from season to season. 
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ISOLATION AND INFECTION TESTS WITH SEED- AND SOIL- 
BORNE COTTON PATHOGENS^ 

W. W. Bay and J. H. McLaughlin 
(Accepted for publication July 7, 1941) 

Seedling diseases of cotton are important to the grower because of poor 
stands, the necessity of replanting, stunted plants, decrease in production 
because of skips in rows, excess amount of seed required, the many seedling 
diseases that later develop into lint- and boll-destroying diseases, the lessened 
value and amount of lint cotton produced per unit area, and the weakening 
of plants, making it much easier for secondary organisms to infect the cotton. 

Damping-off and other seedling diseases of cotton plants may be caused 
and accelerated by a number of organisms. Arndt (1) isolated the follow- 
ing organisms from diseased seedlings : Glomerella gossypii, Fusarium spp., 
Bhizoctonia solani, PytJimm and several species of bacteria. Of 

these organisms, 0 . gossypii caused the most damping-off, whereas the vari- 
ous species of Fusarmm produced lesions on roots and hypocotyls, but not 
damping-off. Bhizoctonia solaniy isolated in but 10 per cent of the attempts, 
was not considered important as a cause of damping-off in cotton. Lehman 
(4) tested 35 seed lots of the 1936 cotton crop from 19 counties in North 
Carolina. He found 40 per cent of the seed in 31 of the lots infested with 
G. gossypii and 31.4 per cent of the seed of all lots infested with various 
species of Fusarntm among which F. moniliforme was frequently recognized. 
Camp et al. (2) report from a survey in Florida the diseases most common 
during the first two months of the season to be sore shin, caused by several 
organisms, particularly Bhizoctonia solani; angular leaf spot {Bacterium 
malvacearum) ; and wilt {Fusarium vasinf ectum) . They also reported the 
presence of a large proportion of F. moniliforme. 

Miller and Weindling (6, 7) and Weindling et al. (8) have shown that 
Glomerella gossypii is rarely found in Oklahoma and Texas, but that it is 
the fungus most often isolated from diseased seedlings in the Southeastern 
States. Recent surveys of our own substantiate their data with reference to 
the scarcity of G. gossypii in Oklahoma, for it has been found in but few 
counties in the eastern part of the State. 

In many respects the organisms isolated from diseased seedlings in Okla- 
homa are similar to those reported by Miller and Weindling in the past few 
years for the other cotton-belt States. 

Weindling et al (8) have shown that Fitsarium moniliforme is more often 
associated with diseased seedlings than is any other fungus in Oklahoma. 
Our data have shown this to be true. Although it has been shown by Wood- 

1 Published witb the approval of the Director of the Oklahoma Agricultural Experi- 
ment Station. 

Acknowledgments are made to Dr. K. S. Chester for helpful suggestions on the experi- 
ments and preparation of the manuscript and to Dr. 0. D. Sherbakoff for his aid in the 
identiheation of the Pusaria. 

233 


234 


Phytopathology 


[ VoL. 32 


roof (9) that this fungus is pathogenic, onr tests have shown that it is not so 
severe in its attack as G. gossypu, Ehizoctonia solani, and a few other species 
of Fusarium, But because of its great frequency in Oklahoma soils, this 
fungus must be considered an important cause of seedling diseases of cotton. 

Blvkocionia solani is the second most commonly isolated fungus from 
seedlings in Oklahoma. There is no doubt about its importanee as a cotton 
pathogen. 

Since Glomerella gossypii is of minor importanee in Oklahoma, a con- 
dition contrary to that east of this State, an attempt has been made to classify 
the organisms causing seedling diseases on the basis of their relative impor- 
tance in this State. Also it was thought necessary to identify the various 
species of Fusarium and to establish their importance, if any, as pathogens. 
To accomplish these aims, it was first our purpose to collect samples of dis- 
eased seedlings throughout Oklahoma and to isolate and identify the organ- 
isms present Samples have been taken for a period of 2 years, and more 
will be taken in the future. A second purpose of this study was to test the 
pathogenicity of the organisms (Table 2) under various environmental con- 
ditions and to rank the organisms on the basis of these tests according to their 
importance as cotton pathogens. 


TABLE 1 . — Tabulation of the more pathogenic fungi isolated from cotton seedlings 
in counties of OMahoma in 19S9 


Name of the organism 

No. of times 
isolated 

Percentage of 
' fungi isolated 

Fusarium moniliforme 

61 

' 40.00 

F. scirpi 

8 

1 3.90 

F, vasinfectum 

5 

2.40 

F. scirpi v. acuminatum 

2 

I 0.90 

F. solani 

21 

10.30 

F, solani v. martii 

20 

1 9.90 

F. equiseti v. bullatum 

1 1 

0.49 

Bhwoctonia solani 

40 ^ 

19.80 

Sclerotium bataticola 

24 

11.80 


FUNGI ASSOCIATED WITH DISEASED COTTON SEEDLINGS 

In table 1 is presented a list of the more pathogenic fungi with the per- 
centage of times they were isolated from field samples taken in 21 counties 
of Oklahoma in 1939. This list does not include such commonly isolated 
genera as Ghaetomium^ Bhizopus, Aspergillus^ Alternaria, Penicillkmt, and 
some sterile forms, for tests have shown that such fungi are either sapro- 
phytes or weak parasites. 

FUNGI ASSOCIATED WITH COTTON SEEDS AND BOLLS 

Numerous isolations of fungi have been made from seed, particularly 
from their interiors, and fewer have been made from boll lesions. A tabula- 
tion of the organisms isolated from seedlings, seeds, and bolls is given in 
table 2. 
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TABLE 2 . — A list of fungi isolated from seedlings, seeds, and })olls of the cotton 
'plant 



Isolated from 


Seedlings 

Seeds 

Bolls 

Glomerella gossypii (South.) Edg 

+ 

+ 

+ 

Fusarkim moniliforme Sheld 

+ . 

4* 

4- 

F» vasinfectum Atk 

4- 

- 

- 

F. scirpi Lamb and Fautr 

+ 

4 

4 

F. solani (Mart.) App. and Wr 


4- 

4 

y. semiteetum Berk, and Rav. 

— 

'4- 

4 

F. chlamydosporum Wr. and Eg. 

- 

,+ 


F, scirpi L. and F. v. acuminatum (E. and E.) Wr. 

+ 

4- 


F, equiseti (Cda.) Sacc. v. lullatum (Slierb.) Wr. 

+ 

+ 


MMsoctonia solani Kiihn 

+ 

— 


Sclerotium hataticola Taiib 




A Iternaria spp 

+ 

+' 

4 

PenioilUum spp 

+ 

■r 


Aspergillus spp 

4- 

- 

4 


PATHOGENICITY TESTS OP THE MORE IMPORTANT COTTON FUNGI 

Materials and Methods 

The cotton seed nsed in these experiments consisted of 3 varieties, namely, | 
Acala, from the 1938 Oklahoma crop, Paymaster, from the 1939 Texas crop, 
and D. and P. L. IIA, from the Mississippi crop of 1938. 

Experiments were conducted to test the pathogenicity of the various 
organisms by: (a) inoculation of the organisms into sterile soil and subse- | 
quent planting of sterile cotton seed, and (b) inoculating cotton seedlings | 
grown under sterile conditions in test tubes on water agar. 

The seeds were delinted with concentrated sulphuric acid and graded as 
suggested by Chester (3), and only the heavy, fungus-free fraction was used. 
These were then surface-sterilized by immersing in a calcium hypochlorite 
solution containing 2.79 per cent of available chlorine. 

Five cultures of each organism were grown on agar slants, and at the end 
of 10 days the contents of the tubes were removed and ground in a small 
amount of sterile sand. This was then added to enough sterilized soiP to fill 
twenty 2J-in. pots. Three seeds were planted in each pot and kept moist 
with sterile water. Data were obtained at the end of 28 days in most tests. 

It was not possible to control the environmental factors within definite, 
small limits, but the environmental differences between the various experi- 
ments were diverse enough to give a distinct contrast. Eather than tabulate 
the lengthy data of these experiments, which are somewhat preliminary in | 
nature, only a summary will be given with special reference to those organ- 
isms possessing the highest degrees of virulence. 

EXPERIMENTS i 

1. Standard Conditions. With the average temperature of the green- 
house at 80° F. and with ample water for the plants, the 4 most virulent 

2 Th.e soil for these experiments consisted of 2 parts loam, 1 part sand, and 1 part 
sewer sludge. I 
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organisms of those tested wei’e, in order: Glomerella gossypiiy Bhizoctoma 
solani, Fusarium scirpi and F. moniliforme. Some of the other fungi pro- 
duced minor lesions on the roots and hypocotyl, but no serious damage was 
done to the seedlings. 

2. Excessive 3ioistnre, When the plants were watered heavily several 
times a day in the 80-degree greenhouse, all of the organisms tested showed 
an increase in virulence with the exception of Fusarium tmsmfechmi^ which 
decreased. F. monilifornie displayed a decided increase in pathogenicity. 

3. Deficient Moisture. The soil was watered just enough to keep the 
plants growing. Glomerella gossypU^ Bhizoctonia solan% and Fusarium 
scirpi were highly pathogenic, whereas the other fungi tested decreased in 
their virulence. 

4. Low Temperature. The plants were held for several days at 80® P. 
and then placed outdoors, where the temperature averaged near 65® P. Both 
Glomerella gossypii and Bhizoctonia solani were very pathogenic and caused 
damping-off. The other organisms in the test did no serious injiiiy to the 
plants. 

5. Alkaline Soil. Enough lime was added to the soil to give a reaction 
of pH 8.3. Glomerella gossypii and Bhizoctonia solani were the only fungi 
of those tested that w^ere virulent, and they caused considerable damping-off. 
The other fungi did no noticeable damage to the plants. 

6. Acid Soil. Enough sulphur was added to the soil to give a reaction 
of pH 6.3. Bhizoctonia solani, followed closely by Glomerella gossypii, was 
the most pathogenic of the organisms tested. The remainder of the fungi 
produced but slight infections with no prominent injury to the plants. 

DISCUSSION 

Since the results of these various exxieriments are not directly compar- 
able, it seemed desirable to arrange a classification of the organisms involved 
according to their relative degrees of pathogenicity. In these tests 3 degrees 
of injury to the plants were recognized : slight, no evidence of injury observ- 
able, 3 ^et root systems visibly attacked; moderate, root systems obviously 
attacked but with only slight injurious effect upon the plants; and heavy, 
root systems and plants displayed serious injuiy or death. Arbitrarily, 
heavy infection was given a value of 3 points, moderate infection 2 points, 
and slight inf ection 1 point. An index of infection for each organism in each 
experiment was calculated by multiplying the percentage of plants heavily 
infected by 3, moderately infected by 2, and slightly infected by 1, totaling, 
and averaging. 

Since Glomerella gossypii proved in these experiments to have the highest 
index of infection, it was given an arbitrary weighted index of 100. The 
indices of infection of all the other fungi were weighted in proportion to the 
arbitrary weighted index of infection assigned to G. gossypii. The weighted 
indices of the organisms employed in the various experiments is indicated in 
table 3. 
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TABLE 3 . — The weighted indices of infection of the fungi used in the soil culture 
experiments. The letters and numbers refer to the identity of the isolate used in the 
experiments 


Name of the organism 

W. I. 

Name of the organism 

W. I. 

Glomerella gossypii 

100 

Sclerotium bataticola (41) 

45 

Bhwoctonia solani 

86 

Fusarium semitectum 

42 

Fusarium scirpi (D) 

58 

F. moniliforme (115) 

40 

F. scirpi v. acuminatum 

56 

F. uasinfectum (24) 

37 

F. chlamydosporum 

53 

F. moniliforme (18) 

35 

F. moniliforme (110) 

52 

F. vasinfectum (27) 

34 

F. vasinfectum (27) 

48 

Sclerotium bataticola (R37) 

30 

F. scirpi (44 A) 

47 

Aspergillus sp. 

29 

F. solani 

46 

Penicillium sp 

28 

F. equiseti v. bullatum 

46 




The pathogenicity of the various fungi was determined also by the inocu- 
lation of seedlings grown in large test tubes on water agar. Using the 
weighted index of infection” method, and applying it to the test tube ex- 
periments, a definite correlation with the results obtained in the pot cultures 
was established. In general, it w^as found that the weighted indices were 
higher than for the pot cultures, but in the same relative order. 

Although field tests have not been attempted, it is predicted that the 
infection indices will be lower due to a lower inoculum potential and eompe- 
tition from other soil organisms. 

CONCLUSIONS 

Glomerella gossypU, despite its high degree of pathogenicity, is probably 
of little importance in Oklahoma because of its infrequent occurrence. 

Apparently strains varying in pathogenicity exist in Fusarium monili- 
forme, F. vasinfechtm^ F. scirpi, and Sclerotmm latatieola, as evidenced by 
the weighted indices of infection of the several isolates of these species. 

Sclerotmm l)ataticola (Bhizoctonia iataticola (Taub.) Butler), although 
common in Oklahoma soils, is of slight consequence as a pathogen of cotton 
seedlings. 

Fusarium moniliforme, although it does not possess a high degree of 
virulence, might conceivably become, because of its high frequency of occur- 
rence, a serious cotton-seedling parasite under favorable conditions. 

The majority of the other species of Fusarium and those of Alternaria, 
Penicillium, Ghaetomium, Aspergillus^ and BMzopus are not considered im- 
portant parasites of cotton seedlings in Oklahoma, either because of their 
lack of virulence or because of their scarcity in the soil. 

Bhizoctonia solan% because of its high degree of virulence under various 
environmental conditions, and because of its frequency in Oklahoma soils, is 
considered to be the most important fungus involved in diseases of cotton 
seedlings. The real importance of this fungus may not be indicated by the 
actual percentage of isolation for several reasons. Tests in our greenhouse 
and those by Lehman (5) show that seedlings cannot be protected satisfac- 
torily against this organism by the seed treatments thus far employed. We 
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Iiave observed here that Ceresan-dusted seed, planted in soil heavily infested 
with this fungus, often do not emerge at all. It is conceivable that the long 
skips in rows so commonly observed in the fields throughout the State may 
be due largely to a high inoculum potential in the soil. In such a situation 
no samples from which to make isolations are taken. 

Oklahoma Agricultural Experiment Station, 

Stillwater, Oklahoma. 
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A PHYSIOLOGICAL STUDY OP THE SUSCEPTIBILITY OF THE 
BLUSHED AND GREEN SIDES OP APPLES TO 
CERTAIN FUNGOUS ROTS" 

LinKun-g-Hsiang^ 

(Accepted for publication June 28, 1941) 

INTRODUCTION 

As the season advances, most apple fruits gradually develop a blush on 
the side facing the sun. Brooks and Fisher (1926) found that the osmotic 
concentration of the apple sap was higher on the blushed side than on the 
green side. Haynes and Archbold (5) report higher sugar content on the 
blushed side of maturing apple fruits. Other internal differences also were 
thought to exist. The present study was undertaken to test the difference 
in susceptibility of the blushed and green sides of apple to certain fungous 
rots and its relation to certain physical and chemical properties of the two 
sides. 

MATERULS AND METHODS 

Two tests were made on July 22 and August 1, 1940. In the first test 
4 varieties of apple, Wealthy, McIntosh, Cortland, and Snow, were inocu- 
lated with 4 fungi, namely, Sclerotinia fructicola (Wint.) Rehm., Peni- 
cilUum expansttm Link, Physalospora maloncm (Peck) Shear, and Lam- 
lertella corni-maris von Hohnel. In the second test one other variety of 
apple. Duchess, was added but only 3 of the organisms were employed, P. 
malorum being omitted. Along with the inoculation tests internal factors 
such as water content, total nitrogen content, total acidity, sugar content, 
and tissue firmness were determined. 

Inoculation. Inoculations were made on the blushed and green sides of 
16 fruits of each variety of apple with each fungus. A pyramidal-shape 
block of tissue was cut out from the side of each apple and into the cavity 
thus formed a small rectangular piece of mycelium, cut out from the margin 
of an actively growing Petri-dish culture, was inserted. The block of tissue 
was then replaced without sealing. Care was used in cutting the blocks of 
apple tissue and the pieces of mycelium for inocula to ensure uniformity in 
all inoculations. The inoculated apples were put in paper bags and kept 
in moist chambers consisting of wooden apple boxes lined with pliofilm and 
equipped with tight covers. 

Measurement. The diameter of the rotted area of the fruit was measured 
3 days after inoculation with Sclerotinia fructicola, 5 days after inoculation 
with Penicillium expansum, 6 days after inoculation with P%5aZo5pora 

1 This paper is one section of a thesis submitted to the faculty of the graduate school 
of Cornell fjniversity for the degree of Doctor of Philosophy, 

2 The writer wishes to acknowledge his indebtedness to Doctors D. G. Clark, A. B. 
Burrell, and H. H. Whetzel for their constructive criticisms and suggestions during the 
course of the present study, to Dr. P. M. Blodgett for his help in statistical analyses of 
the data and to Mrs. P. Hawes for readiner the manuseriot. 
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malonim, and 10 daj's after inoeulation with Lmnherfella corni-maris. The 
method of measurement consisted in slicing off a portion of the apple tissue 
at the bottom of the inoculation cavity through the line XY, as shown in 
figure 1, A, and measuring the diameter (the distance CD, Pig. 1, A) of the 



Fig. 1. A and B illustrate points made in tlie text concerning metliods of measuring 
the rotted area of apple fruits. 

rotted area thus exposed. In ease the decay was too far advanced, as is 
shown in figure 1, B, a slice of the tissue was first cut off through the line XY, 
and then another slice was cut through the lines BM and BN, respectively, 
on either side. The sum of the lines AB and BC was taken as the diameter 
of the rotted area. 

Determination of the Internal Factors. Apples for such determinations 
were picked from the same trees as those from which fruits were picked for 
inoeulation. Duplicate composite samples were prepared from 20 apples of 
each variety for the determination of water content, nitrogen content, total 
acidity, and sugar content. 

For the determination of water content, the ap|)le was pared, and 3 longi- 
tudinal slices of approximately equal size were cut from the fruit and placed 
in a Petri dish that had been lined with filter paper and weighed. The Petri 
dish was kept covered so that an excessive loss of moisture from the sample 
might be avoided. The sample was quickly weighed, the total fresh weight 
of each sample being 35 to 42 grams. It was then dried in a ventilated 
Preas electric oven at 60° C. for about 72 hours and again weighed. 

The dried sample, together with the filter paper from the moisture deter- 
mination, was digested, and the total nitrogen content was determined by 
Grunning’s modification of the Kjeldahl method. 

For the acidity determination the apples were likewise pared, and several 
longitudinal slices were cut from each of the 20 apples and placed in a wide- 
month bottle. The composite sample was frozen and thawed. The juice was 
pressed out with a metal hand press and centrifuged for 4 minutes. A lO-cc. 
sample of the supernatant liquid was pipetted out and placed in a 150-ee. 
Erlenmeyer flask. About 20 ce, of distilled water was added. The juice 
was titrated against N/10 NaOH solution using phenolphthalein as an indi- 
cator. A satisfactory absolute end-point was difficult to get, but a compara- 
tive end-uoint was easily obtained when the ninkish shadow of the dark- 
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colored juice was cast upon a white table and compared with that of the first 
sample, as a lamp shone through the two samples from an equal distance of 
about 8 inches. 

For the determination of sugar content the fruit was pared, and a small 
tangential section was sliced off, and then small cubes about 1 mm. across 
were cut and placed directly in a 150-cc. beaker kept in a moist chamber. 
The composite sample, averaging about 40 g., was quickly weighed and 
dumped into 50 cc. of boiling, 95 per cent alcohol in a wide-mouth bottle. 
Heating was continued for 15 minutes so as to stop enzyme action. The 
sample was later extracted in a Soxhlet extractor, with about 100 cc. more 
of 95 per cent alcohol, for 5 hours. The extract was evaporated down to 
10 cc. 3 times and then diluted with 20 cc. of warm distilled water, cleared, 
deleaded, made up to volume, and analyzed for reducing and total sugars 
by the official gravimetric method. 

For the determination of tissue firmness, 20 apples of each variety were 
tested with a Magness pressure tester. A small portion of the skin was 
sliced off, and the pressure tester was then applied to the exposed cut surface 
of the flesh. The firmness was measured by the pounds of pressure required 
to puncture the tissue. 

RESULTS 

The results of the tests are presented in table 1 and discussed below. 

Difference in Susceptibility of the Two Sides of Apple 

Sclerotinia fructicola, "With this fungus the rate of rotting was invari- 
ably faster on the green than on the blushed side, and the difference was 
statistically significant in 7 out of 9 cases. When all the data of both inocu- 
lation tests were analyzed together, the odds were found to be over 9999 : 1, 
the decay being more rapid on the green side. 

Penicillmm expansum. In the first inoculation with P. expansum the 
green side of 3 out of 4 varieties of apple rotted faster than the blushed side, 
but only in the variety Wealthy is the difference statistically significant. In 
the second inoculation, the fungus invaded 4 of the 5 varieties significantly 
faster on the green than on the blushed side; in the other variety the rate of 
rotting was about equal on the two sides. Analysis of the data of the two 
inoculations together showed significantly more rapid rotting of the green 
side. 

Physalospora malorum. The rate of rotting on the blushed side of two 
apple varieties was faster than that on the green side in the test with this 
fungus ; in the other two varieties the order was reversed, and the difference 
was small. When the data on the 4 varieties were analyzed together, the 
difference was insignificant. 

Lam'bertella corni-maris. Analysis of the data as a whole showed no 
significant difference between the two sides in rate of rotting by this fungus. 



TABLE 1. The relation of the rate of rotting of apple to certain physical and chemical properties of the Mushed and green sides of the fruit 
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indicates that the difference is statistically significant, 
ce. H/IO NaOH to neutralize 10 cc. juice. 
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Difference in Physical and Chemical Properties of the Two 
Sides of Apple 

Water Content. In both determinations the water content was slightly 
but consistently higher on the green than on the blushed side of all varieties 
tested. 

Nitrogen Content. The nitrogen content was consistently higher on the 
blushed side in the first determination, but there were 2 ties and 1 reverse out 
of 5 in the second determination. Analysis of the data of both determinations 
together shows that the nitrogen content of the blushed side was significantly 
higher than that of the green side. The differences all were very small. 

Total Acidity. There was no consistent difference in the total acid con- 
tent of the two sides of the varieties tested. 

Sugar Content. Total and reducing sugars were consistently higher on 
the blushed side, but there was no consistent difference in the sucrose content 
of the two sides of the apple fruit. 

Tissue Firmness. The blushed side of the fruit was invariably firmer 
than the green side. The difference was highly significant in all cases. 

DISCUSSION 

The blushed side of apples is firmer and has higher contents of sugars and 
total nitrogen and lower water content than the green side; the difference 
in the acid content of the two sides is inconsistent. The results on the water, 
sugar, and nitrogen contents are in agreement with those reported by Brooks 
and Fisher (3) and by Haynes and Archbold (5). 

The slower rate of rotting of the blushed side of apples Penicillium 
expansum and Sclerotinia fructicola is correlated with the higher contents 
of sugars and nitrogen, the lower content of water, and the greater firmness 
of tissue. If the amount of available food determined the rate of invasion 
by these two fungi, the blushed side of the apple, containing more sugar and 
nitrogen, would be expected to rot faster; however, the reverse has been 
found to be true. It is hardly likely that any of the chemical constituents 
of the fruit would be so concentrated on the blushed side as to become toxic 
to the fungi. Nor is it conceivable that a difference of 1 or 2 per cent in the 
water content of the two sides would cause a change in their susceptibility. 
Thus is would seem that among the factors tested, a possible explanation 
for the difference in susceptibility of the two sides of the apple to these two 
rots lies in their difference in tissue firmness. In the case of Physalospora 
malorum Sind Lamiertella cornumaris, however, there was no consistent 
difference in the rate of rotting of the two sides of the apple fruit. This 
indicates that the penetration of the fruit tissue by these two fungi was 
unaffected by the internal factors determined. 

In a study of toxic and enzymatic activities of juice expressed from 
rotted apples, the writer^ found that the juice of apples rotted by 

3 Unpublislied material. 
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PeniciUmm expansum or Sclerotinia frucHcola contained a considerable 
amount of protopeetinase wbicli macei^ated thin discs of apple, potato, 
and carrot while the juice of apples rotted by Pliysalospora malorum 
or Lamhertella conii-maris possessed little or no macerating* property. On 
the other hand, juice from apples rotted by P. malorum and L.. corni-maris 
was found to possess a distinct toxic property indicated by the discoloration 
of the tissue discs, while the juice from apple rotted by P. expanmim or 
Sclerotinia fructicola showed no noticeable toxic action. This is in line with 
the work of Behrens (2), who, in experiments with a PenieUUuni species, 
shows that the fungus is intercellular and secretes an active middle-lamella- 
dissolving enzyme, and of Valleau (9), who, in a study of brown rot of plum 
caused by S, fructicola, also demonstrates that the fungus is intercellular 
and believes that it penetrates through the middle lamella of the suscept cell 
wull by dissolving the pectic substance with an enzyme. 

It has been shown repeatedly that the firmness of fruit tissue is corre- 
lated, to a large extent, with the amount of insoluble pectic eompounds in 
the cell wair (Magness and Diehl (6), Appleman and Conrad (1), Plagge 
et al. (7), Haller (4), Smock and Allen (8), and Van Doren (10). Such 
being the case, the greater tissue firmness of the blushed side would suggest 
that this side contains more insoluble pectic substance and offers greater 
resistance to penetration by Penicillium expansum and Sclerotinia f ructicola 
which are intercellular and make their advance by secreting a middle-lamella- 
dissolving enzyme, protopeetinase. The tissue firmness or the amount of 
insoluble pectic substance, howevei*, has no effect on the rate of advance of 
the other fungi, Pliysalospora malorum and Lamhertella corni-maris, which 
are presumably intracellular and kill suscept cells ahead of penetration by 
means of one or more toxic substances. 

SUMMARY 

It was found that Penicillium expansum and Sclerotinia fructicola rotted 
the blushed side of apple fruit more slowly than they did the green side while 
Pliysalospora malorum and Lamhertella cornumaris showed no difference in 
their rate of rotting of the two sides. 

The blushed side of apple fruit was found to be firmer and to contain 
higher contents of sugars and nitrogen and lower content of moisture. The 
acid content of the two sides did not show any consistent difference. 

The slower rate of rotting of the blushed side of apple by P. expansum 
and S. fructicola is correlated with higher contents of sugars and nitrogen, 
lower content of water, and greater firmness of tissue. 

As an explanation to account for the difference in the rate of rotting of 
the two sides of apple by P. expansum and S. fructicola, it is suggested that 
the blushed side being firmer possibly contains more insoluble pectic sub- 
stance and is thus more resistant to the invasion by these organisms which 
are supposed to be intercellular and penetrate through the cell wall of the 
suscept by means of enzyme action. 
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PHYSIOLOGICAL RESISTANCE TO HALO BLIGHT IN BBANS^ 

J. H* Jensen and E. W. Goss 
(Accepted for publication June 22, 1941) 

During the past 8 years greenhouse and field tests on resistance to halo 
blight have been carried out with many bean varieties including a number 
of varieties reported resistant by other investigators. The severity of infec- 
tion varied with varieties and, although certain varieties tended to escape 
infection in field tests, it was found that in many cases reportedly resistant 
varieties proved to be susceptible when inoculated in the greenhouse. How- 
ever, in the case of several varieties reported resistant by Stapp,^ together 
with a few other varieties, the occurrence of small, inconspicuous, brown, 
circular necrotic spots on inoculated leaves and the absence of typical halo 
lesions suggested that such varieties may become infected with halo blight 
without the production of typical halo lesions or serious damage to the plant. 
Furthermore, no evidence of systemic infection was ever observed in these 
varieties, although in parallel inoculations other varieties frequently showed 
veinclearing, stunting, wilting, or other symptoms of systemic infection with 
halo blight. 

These observations strongly suggested the occurreiiee of physiological 
resistance to halo blight in certain varieties. Since the definite demonstra- 
tion of this reaction would be of much value in further understanding the 
disease and of paramount importance in breeding for resistance to halo 
blight, experiments were set up to study further the behavior of varieties in 
which small, necrotic lesions instead of large, chlorotic lesions developed. 

Two of these varieties were selected for a more detailed study of their 
reaction to halo blight infection under various conditions and with different 
types of inoculation in comparison with 2 susceptible varieties. This paper 
describes the results of these tests and presents a preliminary report on the 
behavior of progenies from certain crosses involving these resistant varieties. 

MATEKIALS AND METHODS 

The two varieties selected for the study of their resistance were Red 
Mexican, a red-seeded, dry-land field bean, and Schwert, Hamburger Markt^ 
(Stapp 27, F.P.1. 112,769). The two susceptible varieties used for compari- 
son were Red Kidney and Bountiful. 

Bean plants were grown singly in 5-in. clay pots in composted soil in the 
greenhouse at temperatures varying from 22-24'^ in the day time and 13-16° 
C. at night. 

1 Published with the approval of the Director as Paper No. 293, Journal Series, 
Nebraska Agricultural Experiment Station. 

2 Stapp, 0. Eortgefuhrte XJntersuehungen iiber die Besistenzverschiedenheiten von 
Bohnen (Phaseolus vulgaris) gegen Pseudomonas medioaginis var. phaseoUcola Burkh. 
Angew. Bot. 17: 23-42. 1935. 

3 This variety, which will be referred to in this paper as Schwert No. 27, was obtained 
along with other varieties from Berlin, Germany, in 1935, and the number given each 
variety is that used by Stapp in his publication, see footnote 2. 
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The following inoenlation methods were used: (a) Leaf and pod inocula- 
tions were made by spraying with a bacterial suspension in water. Previous 
to inoculation, plants were held in an incubation chamber at 24° C. with high 
humidity for 16 hours. After inoculation the plants were held in the incu- 
bator for 6 or 7 hours before removal to a greenhouse bench. In all eases 
not specified otherwise, plants were leaf -inoculated just as the third trifoliate 
leaves were unfolding, and pod inoculations were made during pod develop- 
ment. (b) Stem inoculations were made by stabbing twice through a smear 
of bacteria placed on the bean stems about i in. below the primary leaves. 

(c) The method used in making germinated seed inoculations was a modifi- 
cation of one described by Stapp^ and consisted of soaking germinated seeds 
for 4 hours in a dilute bacterial suspension in water. Seeds were germi- 
nated by placing them in a moistened rag-doll germinator held for 60 hours 
at 27-28°. 

Isolates of Phytomonas medicaginis var. phaseolicola ’Bur'kh.oldeY, med. 
in these studies, were isolates that, over a period of several years, had con- 
tinuously produced typical halo-blight symptoms on Eed Kidney, Giant 
Stringless Greenpod, Bountiful, and many other varieties. In all leaf and 
pod inoculations carried out for the purpose of varietal comparison all 4 
varieties in any given test were inoculated with the same bacterial suspen- 
sion. Porty-eight-hour-old cultures were used in all inoculation tests. 

EXPERIMENTAL RESULTS 

Four different inoculations were used in the comparative study of the 
reactions and development of symptoms in the 4 bean varieties: (a) Leaf 
inoculations, (b) stem inoculations, (c) germinated seed inoculations, and 

(d) pod inoculations. 

Leaf Inoculations. Four or 5 days after inoculation small, water-soaked 
areas appeared on the under side of leaves of Eed Kidney and Bountiful. 
Within 1 or 2 days typical chlorotic halo areas developed. When heavy 
inoculations were made and many lesions resulted, part of the inoculated 
leaf, or in some cases the entire leaf, became chlorotic and wilted. The 
chlorotic halo lesions usually appeared most prominently from 1 to 2 weeks 
after inoculation ; after this time they gradually became less conspicuous due 
in part to fading of the green color in the uninfected portion of the leaf. 

Following the appearance of primary lesions Eed Kidney and Bountiful 
plants often showed symptoms of systemic infection. These symptoms were 
first manifested by a slight yellowing and vein-clearing of one or more young 
leaflets near the growing point. Vein-clearing symptoms ordinarily ap- 
peared 8 to 12 days after inoculation and were, in turn, frequently accom- 
panied or followed by stunting, wilting, and premature death of the plants. 
The development of the symptoms of systemic infection depended to a large 
extent upon the age and the general vigor of the plant at the time of infec- 

4 Stapp, C. Verfaliren zur Priifung tou BolinGii (Fhaseolus vulgaris) aiif Resistenz 
gegen Pseudomonas medicagmis Tax. pUaseoUcola Burkh., dem Erreger der Fettdeekeii- 
krankheit. Angew. Botanik, 15: 241-252. 1933. 
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tion. Inoculation of young, vigorously growing plants gave the highest pro- 
portion of systemic infection. 

On the varieties Bed Mexican and Schwert No. 27 the symptoms devel- 
oped as small, circular, brownish, inconspicuous necrotic lesions that never 
enlarged to any noticeable extent. Inoculated leaves did not become yellow 
or wilted, even though in some eases the number of necrotic lesions was large. 
No symptoms of systemic infection were ever noted on plants of these 2 varie- 
ties, even though infected plants were held until mature. Figure 1 presents 
a comparison of the leaf symptoms on Schwert No. 27 and the susceptible 
variety Red Kidney. 



Fig. 1. Symptoms resulting from leaf inoculation with the halo-hlight organism. 
Small, necrotie lesions occur on the leaves of the resistant variety Schwert No. 27 A 
in contrast with the large halo lesions on the leaves of the susceptible variety Bed Kid- 
ney B. 

In the course of experiments with these 4 varieties, inoculation tests were 
carried out with plants of all ages from early seedling stage to those nearing 
maturity. No indications were obtained that the reactions were influenced 
by age of plant, excepting, of course, that when nearly mature plants were 
inoculated no leaf symptoms developed. 

In a recent paper Goss® reported that, under high temperature conditions 
(28-32° C.), lesions that lack halos appear on leaf -inoculated plants of Bed 
Kidney and U.S. Refugee No. 5, although at lower temperatures (16-20° C.) 
typical halos were formed on these varieties. In an attempt to determine 
whether the development of necrotic halo-less lesions on Red Mexican or 
Schwert No. 27 were influenced by temperature relations, the following 
experiment was carried out: Forty young plants of each of the 4 varieties 
were leaf -inoculated. Six hours after inoculation 10 plants of each variety 

5 Goss, B. W. The relation of temperature to common and halo blight of beans. 
Bliytopath. 30: 258-264. 1940. 
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were placed in the greenhouse in temperature cases held at 16, 22, and 28 
degrees C. Within 7 days after inoculation typical halo lesions appeared on 
leaves of Eed Kidney and Bountiful held at usual greenhouse temperatures 
and in the 22° case, whereas small, necrotic, halo-less lesions developed on 
Schwert No. 27 and Mexican Ked. 

At 28° C. lesions without halos appeared 7 days after inoculation on Ked 
Kidney and Bountiful, as reported by Goss for the varieties Red Kidney 
and U.S. Refugee No. 5. On leaves of Red Mexican and Schwert No. 27 halo- 
less necrotic lesions appeared about 10 days after inoculation at this tem- 
perature. 

Since Goss reported that the most prominent halo lesions appeared on 
susceptible plants held at 12-20° C., it, therefore, seemed probable that if 
lesions with halos ever occurred on leaves of Red Mexican or Schwert No. 27 
they would appear in this range of temperatures. In tests on the effect of 
temperature only small, necrotic halo-less lesions developed on leaves of Red 
Mexican or Schwert No. 27 at 16° C. 12 days after inoculation, although 
large, prominent halo lesions appeared on leaves of Red Kidney and Bounti- 
ful plants inoculated at the same time and held in the same temperature- 
controlled cases. Furthermore, no halo lesions developed on leaves of Red 
Mexican or Schwert No, 27 although they were held at 16° C. for a period 
of more than a month after inoculation. 

These tests showed that halo symptoms do not appear on inoculated Red 
Mexican or Schwert No. 27 plants at 28, 22, or 16 degrees 0., although halo 
lesions do occur on Red Kidney and Bountiful at 22 and 16 but not at 28° C. 
It was concluded from these experiments that necrotic, halo-less lesions de- 
veloped on leaves of Red Mexican and Schwert No. 27 over a wide range of 
temperature, and that the reaction was different from the one reported by 
Goss. 

Stem Inoculations. Ten equally old plants of each variety were selected 
and stem-inoculated when the first trifoliate leaves were about half -ex- 
panded. Additional plants to serve as controls were punctured with sterile 
needles and still other plants were not treated. 

Pour days after inoculation by the stem-puncture method Red Kidney 
plants started wilting and began to lose their dark green color. Bountiful 
plants showed similar symptoms a day or two later. Plants of these 2 varie- 
ties that had been punctured with sterile needles remained healthy, as did 
the untreated controls. Inoculated Red Kidney and Bountiful plants 
showed vein-clearing, yellowing, wilting, and severe stem cankers with 
abundant bacterial exudate, and within 3 weeks all were dead. 

The behavior of stem-inoculated plants of Red Mexican and Schwert 
No. 27 was in marked contrast to the above. Although small, watersoaked 
areas and internal necrosis developed for a short distance around the point 
of inoculation, the plants continued to grow without the development of any 
additional symptoms. The punctured controls and untreated plants re- 
mained healthy. Figure 2 presents a photograph of plants of the 4 varieties 
15 days after they were stem-inoculated. 
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It was concluded from these tests that systemic infection with halo blight 
is not induced in Eed Mexican or Schw’'ei’t No. 27 by stem inoculation with 
strains of the halo-blight bacteria that produced systemic infection in 
Bountiful and Red Kidney plants. Since these halo strains were the most 
pathogenic in the collection, it seems highly probable that systemic infection 
cannot be induced in the two varieties. 

Germinated-seed Inoculation, Twenty germinated seeds of each of the 
4 varieties were immersed for 2 hours in a bacterial suspension of the halo- 
blight organism in water. Additional germinated seeds, to serve as controls, 
were immersed for the same length of time in tap water. After immersion 
all seeds were planted in soil in clay pots. Within several days water- 
soaked lesions could be seen on the cotyledons as they unfolded aboveground 
on all 4 varieties grown from inoculated seed. Later on, lesions appeared 


Fig. 2. Bean plants of the four varieties 15 days after stem inoculation with the 
halo-blight organism. A. Schwert No. 27. B. Eed Mexican. 0. Eed Kidney. B. Boun- 
tiful. The two resistant varieties showed no symptoms of systemic infection and pro- 
duced a normal crop of beans. 


on the primary leaves of many plants in all 4 varieties. Within a week 
nearly all plants of Eed Kidney and Bountiful showed symptoms of systemic 
infection, and, 3 weeks after inoculation, all plants of these 2 varieties were 
dead. Inoculated Schwert No. 27 and Eed Mexican plants, on the other 
hand, showed no symptoms of systemic infection, but grew to maturity and 
produced a crop of apparently healthy pods. 

These tests further demonstrate a physiological resistance in Red Mexi- 
can and Schwert No. 27, as shown by the failure of these varieties to develop 
systemic infection, even though inoculated and infected in the early seedling 
stage. 

Fod Inoculations. The striking differences that had been obtained in 
leaf symptoms and in the experiments dealing with systemic infection sug- 
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gested that some differences might be found in pod lesions on the varieties 
being studied. Accordingly, 20 plants of each of the 4 varieties were grown 
in 7-inch clay pots, one plant to each pot, to insure strong, vigorous growth 
and abundant pod production. 'When some of the earliest pods of each 
variety were nearly full-grown, and at a time when each variety was still 
producing new pods, they were inocnlated by the same methods used for leaf 
inoculations. Within a week after inoculation typical water-soaked lesions 
appeared on the pods of Red Kidney and Bountiful plants. These enlarged 
and became typical halo-blight pod lesions. Pods on Schwert No. 27 and 
Red Mexican, however, developed small, discrete, dry, necrotic spots, which 
did not enlarge to any extent and, after several weeks, looked like rusty- 
colored spots caused by mechanical injury. Figure 3 presents photographs 
of typical pods of the 4 varieties inoculated with halo blight. 


Eig. 3. Symptoms I’esulting from pod inoculations of tlie four varieties. A. Schwert 
No. 27. B. Bed Mexican. C. Bed Kidney. D. Bountiful. The small, discrete, necrotic 
lesions on the 2 resistant varieties contrast with the larger, water-soaked, coalescing lesions 
containing haeterial exudate on the pods of the 2 susceptible varieties, ! 

, 

It was concluded from this test that pod lesions on Red Mexican and : 
Schwert No. 27 were markedly different from those produced on susceptible I 
varieties, such as Red Kidney or Bountiful, and that the lack of water-soak- 
ing and the small size of the lesions further confirmed the conclusion that | 
these varieties possessed physiological resistance to halo blight. 

OTHER RESISTANT VARIETIES® I 

A large number of varieties have been tested either in the field or green- | 
house, and, while the detailed results cannot be presented in this paper, it i 


6 The variety Princess of Artois was obtained from Canada through the courtesy of 
T. P. Bitchie. Startler and White Seeded Banner were obtained from Western Australia 
through the courtesy of W. P. Cass Smith. Drouth Resistant was received from the 
McPayden Seed Co. of Canada. 
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should be noted that the following varieties have shown resistance when 
inoculated by one or more of the methods previously described. 

Schwert Nordstern (Stapp 82, P.P.I. 112,771) reacted in a manner 
similar to the 2 varieties, described in the foregoing as resistant, when inocu- 
lated by all 4 methods. 

Great Northern, Princess of Artois, Robust, Kaiser ‘Wilhelm (Stapp 100, 
P.P.I. 112,773) and Marktsieger (Stapp 38, P.P.I. 112,700) were all resis- 
tant to germinated'Seed and stem inoculations, but gave variable symptoms 
with leaf and pod inoculations. White Seeded Runner and Ziieker-Brech 
(Stapp 196, P.P.I. 112,775) -were resistant to leaf, pod, and stem inocula- 
tions, but developed some systemic infection and halo symptoms when geimii- 
nated seed were inoculated. Stai-tler was resistant with seed, leaf , and stem 
inoculations, but variable symptoms occurred on the pods ; while Blue Lake 
was resistant to stem and pod inoculations, but gave variable symptoms on 
the leaves. 

In other tests in which leaf and pod inoculations only were used, Cali- 
fornia Pink and Blue Pod show^ed resistance and in similar tests no infection 
was obtained on Drouth Resistant or Arikara Yellow. 

BREEDING TRIALS 

It seemed possible that crosses between either of the resistant varieties 
Schw^'ert No. 27 or Red Mexican and desirable commercial varieties, such as 
Asgrow Stringless Green Pod or Landreth Stringless, would sho\l. promise 
of combining resistance to halo blight with desirable horticultural charac- 
ters. Accordingly, a number of crosses were made and while sufficient data 
are not at hand for establishing definite genetical relationships, the pre- 
liminary information on such crosses is of interest. 

In crosses of either Schwert No. 27 or Red Mexican with Asgrow String- 
less Green Pod or Landreth Stringless, all Pi plants, when inoculated, iiro- 
duced both typical halo lesions and necrotic non-halo lesions. In other 
crosses with the same parentage, however, segregation occurred in subse- 
quent generations up to the P5 so that the progeny of certain selections 
showed necrotic lesions almost exclusively, while those of other selections 
from the same crosses showed typical halo lesions. 

It is, therefore, concluded probable that resistance to halo blight can be 
combined with desirable horticultural characters, although back-crossing 
probably will be necessary before desirable resistant varieties of commercial 
value are produced. Work is being continued along this line. 

DISCUSSION 

Many bean varieties, reportedly resistant to halo blight in the field, have 
become severely infected when inoculated in the greenhouse under controlled 
conditions. Certain other varieties have shown what appears to be a true 
physiological resistance when subjected to similar tests. Undoubtedly there 
are several genetic factors involved in the host-parasite relationship with 
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lialo blight. It is likely that some factors exercise control over the entrance 
of the organism, while others influence the action of toxic substances and the 
movement and multiplication of the bacteria in the host. 

The utilization of the type of resistance here reported in the development 
of new bean varieties should greatly aid in the control of this disease. Eela- 
tively little damage occurs to the yield or the quality of the marketable crop 
from such infections as have been described. In addition, the small size of 
the lesions would tend to reduce the production of bacterial exudate and 
thus limit the amount of inoculum and resultant spread of the disease. 

SUMMARY 

The development of small, inconspicuous, necrotic lesions on leaves of 
some bean varieties inoculated with halo blight, instead of the large chlorotic 
spots that develop on susceptible varieties, suggested that these varieties 
possess physiological resistance to the disease. These symptoms occurred 
on leaves of Ked Mexican and Schwert No. 27 over a wide range of tempera- 
tures, 16, 22, and 28 degrees C., and on plants of all ages from early seedling 
to plants nearly mature. The inoculation of germinated seed by soaking in 
a bacterial suspension or of young plants by stem punctures failed to bring 
about systemic infection. Pod inoculation produced small, rusty-colored, 
necrotic lesions on these 2 varieties instead of the usual large, water-soaked 
lesions. It is concluded that these varieties, and others reacting similarly, 
possess true physiological resistance to halo blight. 

Department OF Plant Pathology, 

Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska. 



THE EFFICACY OF CEETAIN NEMATOCIDES IN THE CONTROL 
OF ONION BLOAT IN MUCK SOIL" 


B. G. Chit WOOD and A. G. Newhall 
(Accepted for publication June 27, 1941) 

In a former paper^ tlie writers discussed tlie recent iiitrodiiction into 
New York State of the disease of onions {AlUiim cepalj,) known as ''bloat,'' 
caused hj the bulb or stem nematode Ditylenclms dipsaci (Klihii) Filip jev. 
Attempts to eradicate it from the onion fields were described ; where steam 
sterilization was no longer practicable, sulphur and chloropierin were said 
to have given some promise as soil nematocides in preliminary field trials on 
a few farms. Since then, in the early summer of 1940, there has been an 
increase in the number of onion fields infested with D. dipsaci, due appar- 
ently to excessive precipitation. The problem has, therefore, lieeome more 
acute, particularly where growers do not practise a rotation. 

It seemed feasible to test the efficacy of certain chemicals as nematocides 
in onion fields, on the basis of their success in other crops and with other 
species of nematodes. The use of chloropierin, ethylene chloride, and mix- 
tures of the two had been reported by Chitwood, as applied to sandy-loam 
soil infested with the daffodil strain of Ditylenclms dipsaci and fields in- 
fested with the root-knot nematode Heterodera marioni (Cornu) Goodey. 
The results of the first of a series of experiments testing these and other 
chemicals for the control of onion bloat are given herewith. 

PLAN OP EXPERIMENT 

One hundred metal cylinders 17 in. long and 2 ft. in diameter, open at 
both ends, were driven into muck soil to a depth of 12 in. in a field near 
Watkins, New York. There were 20 experimental treatments (including 3 
types of controls) with 5 replications of each, all assigned at random among 
the 100 cylinders or plots. Three types of inoculum were used and the 
experiment is outlined, according to inoculum, in the following paragraphs. 

(1) In 5 treatments diseased onion bulbs were buried in the soil and 
served as the source of inoculum. One of these treatments was given no 
chemical and served as a control, while the 4 remaining treatments received 
the following chemicals:® Chloropierin at 2ec. per injection to a depth of 

1 We are indebted to Mr. L, B. Eeed of tbe Bureau of Entomology and Plant Quaran- 
tine, IT. S. Department of Agriculture, for aid in the statistical analysis. 

2 Newliall, A. G., and B. G. Ohitwood. Onion eelworm rot or bloat caused by the stem 
or hulh nGmQ.tQde, I>itylenchus dipsacL Phytopath. 30 : 390-400. 1940. 

3 Chitwood, B. G. Ethylene chloride for sterilization of soil against nematodes. 
Plorists^ Exchange 95: 9. 1940. 

4 Chitwood, B. G. Soil treatments with volatile liquids for the control of nematodes. 
Phytopath. 31: 818-824. 1941. 

5 For method of making treatments see : 

Chitwood, B. G. A rapid method for determining K values of nematocides. Proc. 
Helminthol. Soc. Washington 6: 66-70. 1939; and Frames for spacing injections of soil 
nematocides, Ihid. 6: 70-73. 1939; and 

Taylor, A, L. Efdcient spacing of soil fumigants for field applications. IMd. Q: 
•62-66. 1939. 
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6 in., spaced 9 x 10 J in. ; ehloropicrin-ethylene chloride (1:9) at 10 ce. per 
injection to a depth of 6 in., spaced 9 x lO-J in. ; sulphur at IJ tons per acre 
mixed with top 6 in. of soil ; and sulphur at 2^ tons per acre. 

(2) In 14 treatments screened infested soil alone served as inoculum. 
One of these treatments served as a control; 4 treatments were identical 
with the chemical treatments given in paragraph (1) and the remaining 9 
chemical treatments are listed in table 1. 

(3) In one treatment diseased onion tops (leaves) served as the source 


TABLE 1. — Ii,esults of various soil treatments on the production of onions and the 
control of Ditylenchus dipsaci in muck soil {average of S replications) 



Mean weight of 30 bulbs 

Infected 


Treatment 

with 

with 

bulbs (with 

Efficacy of 

soil as 

bulbs as 

bulbs as 

treatment 


inoculum 

inoculum 

inoculum) a 



Grams 

Grams 

Mean 

number 

Percent 

Control 

2909 

1298 

6.6 

0 

Chloropicrin (2 ce. 9 x 10.5'O 

Chloropierin-ethylene chloride 1 : 9 

1324b 

1856 

0.2 c 

97d 

(10 cc. 9x l0.5'0 

1994e 

1870 

O.Of 

lOOs 

Sulphur tons per acre 

2128 

1260 

4.8 

38 

Sulphur 2i tons per acre 

966b 

708 

4.2 

31 

Chloropicrin (1 cc. 9x10.5'') 

2864 




Chloropicrin (3 cc. 9x10.5") 

Chloropierin-ethylene chloride 1 : 4 

692b 




(5 cc. 9x10.5") 

2986 




Ethylene chloride (10 cc. 9x10.5") 

2904 




Crotonaldehyde (10 cc. 9x10.5") ... 

3230 




Crotonaldehyde (10 ce. 6x7") 

3018 




Mesityl oxide (10 cc. 9x10.5") 

2814 




Mesityl oxide (10 ce. 6 x 7") 

3016 




Carbon disulphide (10 ce. 9 x 10.5") 

2892 




Controls (onion tops added) 

2528 


0.2 



a No infected bulbs in any case where soil alone was used as inoculum, 
b Weight reduced odds of 999 : 1. 
c Disease reduced odds of 19 : 1. 

Efficacy as based on binomial distribution formulae not less than 86 per cent with 
odds of 19: 1. 

e Weight reduced, odds of 19: 1. 
f Disease reduced, odds 99 : 1. 

s Efficacy as based on binomial distribution formulae not less than 91 per cent with 
odds of 19 : 1. 


of inoculum. No chemical was applied to this treatment. 

At the time the treatments were made on October 5, 1939, the moisture 
in several samples of the soil ranged from 38 to 52 per cent of the dry 
weight, the soil temperature varied from 16 to 19^ C., while the soil reaction 
was pH 4.6 to 5.8. Enough water was added to each plot immediately after 
treatment to facilitate the retention of volatile materials. On April 27 of 
the following year S-IO-IO fertilizer was applied at the rate of 1200 pounds 
per acre and 30 healthy onion sets of variety Ebenezer were planted in each 
plot. Harvest records on mature onions were made on August 6. 
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EXPERIMENTAL RESULTS 

(1) Control of Diiylenchus dipsaci In none of tlie treated plots or con- 
trols where infested but sifted muck 'was employed could a single onion 
infected with P. dipsaci be found. One infected onion was found in one 
plot of the control series in which infected onion tops had been buried. 
The standard error of the difference for comparison of 5 paired treatments 
(including controls) with or without buried diseased onions equals 0.5161; 
the minimum mean difference with odds of 999 to 1 is 1.771. The mean 
number of diseased bulbs per plot where diseased onions were buried was 
3.16, and, since none was found in corresponding treatments lacking buried 
diseased onions, this figure is significant with considerably greater odds than 
999 to 1. 

Analysis of varianee of onion bulbs infected with Ditylenclms dipsaci 
after soil treatment, with onion bulbs as source of inoculum, gave a standard 
error of the difference for compaiuson of treatment means of 2.305. The 
mean difference required for significance with odds of 19 : 1 equals 4.8 and 
with odds of 99 : 1 equals 6.6. Means of treatments on soil containing buried 
infected onion bulbs are given in table 1. Two treatments are significant, 
the 2 cc. chloropicrin and the 10 cc. mixture of ehloropicrin-ethylene chloride 
(1:9). 

(2) Other Diseases. Small percentages of iniseellaneous troubles, in- 
cluding fusarium bulb rot, bacterial rot, and onion maggot, were found 
throughout the plots. Analysis showed that these were not significantly 
affected by any of the treatments. However, where Ditylenckiis dipsaci 
was present in a plot the number of rotten onions was increased. This was 
apparently due to the entrance of Diiylenchus di’psaci-infected bulbs by 
secondary invaders. It appears probable that this miscellaneous residuum 
of bulbs infected with some type of disease amounting to means of 0.0 to 2.0 
per plot was introduced with the sets. 

(3) Effect on Yield of Bidls, The total weight per plot was taken and 
an analysis of variance conducted. The standard error of the difference 
for comparison of treatments equals 425.252 grams. The mean differences 
required for significance at various levels are as follows : with odds of 19 : 1, 
848 grams, with odds of 99 : 1, 1125 grams, with odds of 999 : 1, 1459 grams. 
Comparing the various treatments in which onions served as a source of 
inoculum, one notes rather larger differences in some instances but these 
differences are dependent on both treatment and degree of inf estation. Com- 
paring the various treatments in which soil served as a source of inoculum, 
4 treatments differ significantly from the corresponding control. These 
treatments are chloropicrin at a dosage rate of 2 and 3 cc. per injection, 
sulphur at a rate of 2| tons per acre and ehloropicrin-ethylene chloride at a 
dosage rate of 10 cc. per injection. All of these treatments were detrimental 
in the present experiment, the ehloropicrin-ethylene chloride mixture being 
the least injurious. 
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DISCUSSION 

Sifted muck soil from a field showing heavy infestation with DitylencMis 
dipsaci in 1939 did not prove effective as a source of infection in the experi- 
ment. It was necessary to add further inoculum in the form of diseased 
onions or, in one ease, leaves from diseased onions. The writers {loc, cit.) 
have reported the failure of previous attempts to obtain infection on seed- 
lings grown in this same sifted soil. The latter half of the summer of 1939 
was unusually dry, resulting in warm soil temperatures which may have 
contributed to the apparent absence of nematodes free in the soil. 

Sulphur mixed with the soil in the fall, even at 2-| tons per acre, did not 
result in a significant reduction of bloat in the next season ^s crop when 
diseased onions had been previously buried in the soil. 

Chloropicrin, at a dosage rate of 2 cc. in holes 9 x lOi in. apart ($390 
per acre) reduced bloat significantly. The efficacy was 97 per cent. 

Chloropicrin-ethylene chloride mixture (1:9), at a dosage rate of 10 cc. 
($294 per acre), eradicated the disease completely. 

Sulphur, at 2| tons per acre and chloropicrin at a dosage rate of 2 and 
3 cc. per injection (9xl0|-), caused marked reduction in crop weight. 
Sulphur, at the rate of IJ tons per acre, caused some reduction in crop 
weight (not significant in this experiment). In experiments with IJ tons 
of sulphur per acre, reported elsewhere,'^ the reduction in crop weight was 
significant, even in the second year. Chloropicrin-ethylene chloride (1: 9), 
at 10 cc., caused some reduction in crop yield, but ethylene chloride at 10 
ee. caused no reduction in yield. 

CONCLUSIONS 

After a dry season infected onions in the soil are the chief source of in- 
oculum of DitylencMis dipsaci. Infected onion tops also may harbor this 
” nematode to a slight extent. 

Sulphur, applied to the soil in the fall, was found to be of no significant 
value as a nematocide in the present experiment. Heavy applications 
greatly reduced crop weights. 

Fall applications of chloropicrin at the rate of 2 cc. in holes 9 x lOJ in. 
apart and a mixture of chloropicrin and ethylene chloride (1:9) at the rate 
of 10 cc. in holes 9 xlOf in. apart both gave very highly significant reduc- 
tion of onion bloat. The latter treatment was better than the former one 
but the difference was not significant. 

Since ethylene chloride alone was used only with sifted soil as inoculum, 
and since this inoculum was shown to be inadequate, the efficacy of this 
material by itself in muck soil remains to be proved. It seems highly prob- 
able that when used at a rate of 10 cc. in holes 9 x 10^ in. apart it would give 
adequate control of Ditylenchus dipsaci^ as judged by the senior writer's 
recent results® concerning its application in soil infested with the narcissus 

7 Newhall, A. G., and B. G. Chitwood. The Status of Onion Bloat in 1940. U.S.D.A. 
Bureau of Plant Industry Plant Bis. Eptr. 24 : 350-351. 1940. 

s See footnote 4. 
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strain of D. dipsaci Ethylene chloride at this rate would cost only $110 
per acre. It should be given further trial. 

Chloropicriii, either by itself or in mixture, sometimes reduced onion crop 
weights. It seems possible that it may have been adsorbed on the carbon- 
iferous muck soil. Perhaps the metal containers contributed to its retention. 
Field application in a similar manner produced no crop reduction. 

No evidence of crop stimulation -was noticeable from any treatment and 
the only adverse effects on growth were in the sulphur and chloropierin- 
treated plots. Field applications of sulphur have also given consistent 
reductions in crop weights. Some of these have been reported as persisting 
into the second season after application.^ 

Bureau op Plant Industry, 

Babylon, New York. 

Dept, op Plant Pathology, Cornell University, 

Ithaca, New York. 

® See footnote 7. 


ASCOCHYTA MAJALIS IDENTIFIED ON LILY OP THE VALLEY 
. IN THE UNITED STATES^ 

A H N A E . J E N K I H S 
(Accepted for publication June 27, 1941) 

The first known record o£ AscocJiyta majalis^ causing a leaf spot of lily 
of the valley, in the United States was obtained in August, 1940, when a 
grower in Bucks County, Pennsylvania, sent specimens to the United States 
Department of Agriculture. He sought advice concerning this diseased 
condition of liis planting. He stated that the bed, about 50 x 20 ft. in size, 
had been maintained for at least 15 years with no trouble previously from 
plant disease. At this time, however, near the center of the plot an elon- 
gated area about 20 x2 ft. became entirely discolored, and the green leaves 
outside this area were more or less generally spotted. 

The specimens received in Washington showed striking leaf spots scat- 
tered over the blade. They were often elliptical or elongated, reaching 
2 cm. in the longer diameter. The spots were brown, ^ sometimes bordered 
by purple, and surrounding the border was generally a more or less indefi- 
nite zone of bright-green (Pig. 1, A and B). Scattered over the surface of 
the lesions were minute elevations, w’^hich proved to be pycnidia (Fig. 1, C). 
These occupied nearly the entire thickness of the leaf and their color made 
them visible through the leaf tissue. They were spherical to flattened, bear- 
ing 2-celled or occasionally 3- or 4-eelled conidia (Pig. 1, D ) . 

The fungus, recognized as a species of Ascochyta^ -pToyed to be in agree- 
ment with A. majalis. This is one of the fungi discovered by Massalongo 
(3) in Verona, Italy, and the description reads as follows : 

‘^Ascochyta Majalis sp. nov.— Maculis fulvo-rubiginosis oblongis am- 
bitii lutescentibus ; perithecis membranaceis hypodermis amphigenus osculo 
minute pertusis 140 : 180 p. in diametro ; sporalis hyalinus saepe quadriguttu- 
latis subeylindraceis, raro curvulis utrinque rotundatis, 1-septatis, ad septum 
interdum subconstrictis 18 : 24 X 4 : 6p. 

tdn folds subemortuis Convallariae Majalis^ in cultis vici ^Tregnago’: 
Oct. 1899.’’ 

Massalongo again collected this fungus at Tregnago in September, 1901, 
and this eollection was issued in D. Saccardo’s Mycotheca Italica as Number 
960. 

The only other available record of the fungus in Europe is represented 
by its discovery in the Austrian Alps in July, 1907, by Otto Jaap (4). His 
record of the fungus, apparently on wild lily of the valley, reads as follows : 

‘‘A. majafe Mass. Auf lebenden Blattern von Convallaria majalis auf 
der Mendel am Wege zum Penegal.— Blattfleeken weichen etwas ab von der 
Beschreibung ; stimmt sonst gut. ” 

1 Pa^Der presented at the thirty-second annual meeting of The American Phytopa- 
thologieal Society, Philadelphia, Pennsylvania, December 27 to 31, 1940 (2). 

2 On the dry specimen Hessian brown according to Pidgway (7). 
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All actual comparison of the specimen from Pennsylvania with that from 
Italy collected in 1901 shows that the fungus from the United States is 
entirely in agreement with that from Europe. In either ease the spores tend 
to be yellowish rather than entirely hyaline. Owing to their sticky walls 



Pig. 1. A, a-d, Ascochyia majalis on lily of the valley from Bucks Go., Pa., Sep- 
tember, 1940. X 1. B. Part of the leaf from the type locality (Italy), xl. C. Central 
part of the large leaf spot in A, c, showing pyenidia of the Ascochyia. x 5. D. Part of 
a pycnidium^ with spores, from the specimen from Pennsylvania, x 300. Spores from 
the specimen from the type locality, Verona, Italy, September, 1901 (D. Sacc. Pungi Italica 
No. 960). x500. Photographs by M. L. P. Poubert. 

they may form agglutinated masses and may not be easily separated from 
one another. The spores shown in figure 1, E, are from the specimen of 1901 
from Italy. It will be noted that a 3-celled spore is represented. 
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On tlie material from Pennsylvania the Ascochyta was clearly in promi- 
nence and there seemed no question that it was responsible for the severely 
diseased condition in the bed of the lily of the valley concerned. The owner 
stated that certain younger and more recent beds were apparently healthy ; 
moreover, that in no ease had plants from outside sources been introduced 
into his highly prized and theretofore successful plantings. 

The manner in which this little-known fungus reached the bed of lily of 
the valley is, of course, unknown. But, in its origin in the United States, 
it would appear that it is an introduction from Europe. 

Isolations of the Ascochyta from Pennsylvania were made by means of 
tissue cultures. The plantings were first dipped in a solution of mercuric 
chloride (1 : 1000) and then rinsed in sterile water. Potato-dextrose agar 
medium was employed, and on this substrate a dull white cottony fungus 
growth soon developed. Later, yellowish, sticky masses of conidia of tlie 
Ascochyta were present, although pycnidia were not distinguished. 

In one ease an organism other than the Ascochyta was obtained in cul- 
ture. The planting, which was part of a discolored area on a leaf base, gave 
no growth for several days, when a pure culture, supposedly of Kahatiella 
microsticta Bubak (1), began to develop. This fungus, already known to 
the writer and previously reported (5) from the United States, ^vas also 
formerly discovered in Europe. The type collection, from Bohemia, 1905, 
by Kabat, is represented by Kabat and Bubak, Fungi Imperfeeti Exsiccati 
No. 435, of which a specimen is available. Prom Pape’s (6) account of a 
disease outbreak in cultivated lily of the valley in Germany, it seems to the 
present writer that the Gleosporium sp. to which the disease is attributed 
maj pTOYQ to he K, microsticta. 

In autumn, 1940, only this fungus and no Ascochyta was found on leaf 
spots on freshly collected specimens of lily of the valley from two widely 
separated gardens in Washington, D. C. 

Bureau OP Plant Industry, 

Washington, D. C. ■ 
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BxiCTERIAL WILT OF DENT COEN INBEBDS 

Ohaelotte Elliott^ 

(Accepted for publication July 14, 1941) 

Losses from bacterial wilt of dent corn have, until recently, been con- 
sidered of minor importance. Increasing evidence, however, of the impor- 
tance of this disease on dent corn developed during the wilt epidemics of 
sweet corn in 1932 and 1933 and later in 1937 and 1938. During these epi- 
demics, bacterial wilt assumed an unusual, late-season importance on dent 
corn in the form of a leaf blight. It was rep)orted that late leaf blight in 
many fields reduced the green leaf area as much as 25 per eent,^ and that in 
such fields grain yields were greatly reduced. 

On both dent and sweet corn, bacterial wilt begins fxmm the feeding 
injuries, on the leaves, produced by the corn flea beetle {Chaetocnema puli- 
caria). Although the manner of infection and general symptoms on both 
kinds of corn are the same, the time and type of injury are different. On 
sweet corn, early systemic infection is the important phase of the disease. 
On dent corn, local leaf -blight lesions on maturing plants do the greatest 
damage. 

The young plants of some dent-corn lines show pronounced feeding 
injury ; but, in spite of such injuries, few wilt lesions develop. At this stage 
in their development the young dent-corn plants appear to be much more 
resistant to infection than young sweet-corn plants. Eecords taken at 
Arlington Experiment Farm, Arlington, Virginia, about the middle of June, 
have shown that, in 1939, of 15,000 dent-corn inbred plants, 1.5 per cent were 
infected, as compared with 27 per cent infected sweet-corn plants ; and that 
at the comparable time in 1940, of 12,000 dent-corn plants, 0.7 per cent were 
infected, as compared with 35 to 46 per cent infected sweet-corn plants. In 
both seasons the young plants of both dent and sweet corn were in adjacent 
plots in the same field. On the whole, therefore, young dent-corn plants 
appear to be much more resistant to natural infection than those of sweet 
corn. 

A change in the resistance of dent-corn plants to bacterial wilt appar- 
ently takes place in late July and August, after the plants have tasselled. 
At this season, in Virginia and Maryland, as many as 80 per cent or more of 
the corn flea beetles are carrying the wilt organism and can transmit the 
bacteria to the dent-corn leaves. Local, light-green to yellow spots and 
streaks begin to appear on the lower leaves. Through August and Septem- 
ber, these leaf spots may increase rapidly in size and number on susceptible 
lines, and spread from the lower to the upper leaves. Infected leaf tissue 
soon dies and becomes dry. Heavily infected leaves, whipped by the wind, 

1 Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, IT. S. 
Department of Agriculture. 

2 Koehler, Benjamin. Several corn diseases unusually prevalent in Illinois. PI. Dis. 
Eptr. 22(18): 374. 1938. 
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become torn and ragged. In lieavily infected varieties, the light-colored 
dead tissue gives a row or field the appearance of having been frosted. Very 
susceptible varieties may become so heavily infected that whole plants 
become prematurely dry. 

It is this late leaf blight in July, August, and September that is the im- 
portant phase of bacterial wilt on dent corn. In susceptible varieties, losses 
of green leaf area have been estimated as large as 50 per cent, and such infec- 
tion apparently increases susceptibility to diplodia stalk rot.^ 

With the increasing acreage of hybrid corn, it is important to know the 
reaction to bacterial wilt of inbred parent lines, as well as of the hybrids. 
Preliminary tests of the reaction of inbred lines of dent corn to bacterial wilt 
were begun at Arlington Experiment Farm in 1939 and continued in 1940. 
In order to test their relative resistance in early, as well as late, stages of 
growth, records were kept of the amount of infection resulting from field 
inoculations of young plants and of the amount of leaf blight late in the 
season on the same maturing inbreds. Ten plants each of 800 to 900 inbred 
lines were inoculated when 10 to 12 inches tall to determine differences in 
susceptibility in early stages of growth. The results were recorded in rat- 
ings of 1 to 5, 1 being resistant ; 2, moderately resistant ; 3, moderately sus- 
ceptible; 4, susceptible, and 5, very susceptible. Later in the season leaf 
blight developed naturally on noninoculated plants in the same rows, and 
differences were recorded by the same ratings, 1 to 5. The resrdts of these 
ratings are given in table 1. 

Inoculations of the young plants were made by hypodermic injections 
into the stalk about 1 inch above the ground. The inoculum was a water 
suspension of 3 virulent cultures of Xanthomonas siewarti (E. P. Smith) 
Dowson. In the 1939 inoculations the fibrovascular bundles were wounded 
somewhat more than in 1940. The results of inoculations for 1939 and 1940 
are given in the 2 left-hand columns and the leaf -blight ratings in the right- 
hand columns. The inbreds are in the order of their relative resistance to the 
artificial inoculation of the young plants. While the results are not identical 
for the 2 years they appear to be reasonably uniform. 

As shown in table 1, the inbreds vary in susceptibility to inoculation in 
the seedling stage from resistant (1) to very susceptible (5). At least 12 
lines were very resistant in both seasons. Bight were moderately susceptible 
(3) and KYS was very susceptible (5). The plants of KYS, when inocu- 
lated, made no further growth and wilted and died. 

The results of the inoculations show greater variability in 1940' and, in 
most instances, less infection than in 1939. This lighter infection is prob- 
ably due to the less vigorous inoculation methods used in 1940. 

From the leaf -blight records in the right-hand columns, with one excep- 
tion, these inbreds are all more susceptible to leaf blight as the plants are 
maturing than to inoculation in early stages of growth. Inbred la. L317 

3Holbert, J. R., Charlotte Elliott, and Benjamin Koehler. Bacterial leaf blight of 
dent corn. Phytopath. 23: 15-16. 1933. 
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TABLE 1 . — Bacterial wilt ratings of a selected group of inbred lines of dent corn 
grown at Arlington ^Experiment Earni, Arlington, Virginia, 193$ and 1940 



Wilt ratings^ on 

Inbred lines 

! 

Young plants hypodermically 
inoculated 

Mature plants naturally in- 
fected with leaf blight 

1939 

1940 

1939 

1940 

Kv. 27 

1 

1 1 

2 

1-2 

ITS 23 

- 

1 

9 

.2 

Mo. G 

1 

1 

2 

2 

Kv. 31) 

_ 

1 

2 

2 

US 24 


1 

3 

2 

US 21 

1 

1 

3 

2 , 

111. H V 

1 

1 

3 

2 . 

Ind. 38-11 

1 

- 

3 

3 

Ind. P8 

1 

1 

3 

3 

US 41 

1 

1 

3 

3 

K58 

1 

... 

4 

2 

Ky. 30A 

1 

1 

4 

2 

la. 1205 

1 

1 

4 

2 

Oliio 51 

1 

1 

4 

2 

N. J. B42 

1 

1 

4b 

2-3 

la. 1234 

1 

_ 

4 

3-4 

la. B1 345 

1 

_ 

4 

4 

la. B1 349 

1 


4 

4 

111. A 

1 

1 

4b 

4 

111. 4226 

1 

1 

4 

4 

T. 18C 

1 

3.-2 

3 

1 

T. lOB 

1 

1-2 

3 

2 

la. KB 397 

1 

1-3 

4 

3-4 

US 3~(S6)-4-l ......... 

1 

1-4 

2 

3 

111. R4 

1 

2-3 

3 

3 

Ohio 67 

1 

2 

3 

2 

Ind. Tr. 

1-2 

— 

4 

3-4 

US 6-(S6)-2 

1-2 

1-2 

3 

4 

Ind. WP 9 

2 

1 

3 

2-3 

US 5~(S6)~1-1 ......... 

2 

1 

4b 

4 

Ind. B2 

2 

1 

4b 

2 

la. 1197 

2 

1 

4 

3 

US 43 

2 

1-2 

4 

3 

US 62 

2 

1-2 

: 3 

3 

la. WB 456 

2 

1-2 

4 

3 

Tx. 158-4 

2 

1-2 

3 

2-3 

Ohio 56 

2 

2-3 

: 4 

4 

la. Os420 

2-4 

1-4 

1 4 

3-4 

US 7--(S5)~l-l 

3 

1 

1 ■ 3 

3 

N. J. A64 

3 

1 

i 4 

4 . 

111. 90 

3 

1-2 

3 

2 

US 33(S10)-3 

3 

1-2 

3 

2-3 

K. J. A12 

3 

1-2 

4 

;2-3 

US 61 

3 

1-3 

3 

2-3 ■ 

la. L289 

3 

1-3 

: 3 

3 

la. L317 

3 

1-4 

2 

1 

US 2-(S6)-l 

3 

1-4 

1 3 

4 

la. ITE 701 

3 

2 

1 4 

4 

Tx. 102x1 

3 

2. 


3 

KYS 

5 

1-4 

1 ^ 

3 


a Grade 1 = resistant, and grade 5 = very susceptible, 
b In some inbreds the record is doubtful. Plants beeame prematurely dry. 


1942] 


Elliott : AVilt of Dent Corn 


265 


was somewhat more susceptible to seedling inoculation than to late natural 
infection as leaf blight. Seedling reaction to inoculation apparently is not 
a safe indication of susceptibility to leaf blight in maturing plants. This is 
borne out under natural conditions in the field where leaf blight is not only 
much more abundant but also more destructive than early, primary infec- 
tion. Leaf-blight ratings are fairly uniform for each strain for the two 
years, but, on the wdiole, there was somewhat less leaf blight in 1940 than in 
1939. 

These differences in the resistance of dent-corn inbreds to bacterial leaf 
blight indicate promising possibilities for the development of corresponding 
resistance in dent-corn hybrids. This is of special importance as the use 
of resistant strains is the only practical means of controlling bacterial leaf 
blight. 

Division op Cereal Crops and Diseases, 

Bureau of Plant Industry, 

U. S, Department of Agriculture, 

Washington, D. C. 


CONSERVATION OP SCHOLARLY JOURNALS 


Tlie American Library Association created tins last year the Coniniittee on 
Aid to Libraries in War Areas, headed by John R. Russell, the Librarian of 
the University of Rochester. The Committee is faced with numerous serious 
problems and hopes that American scholars and scientists will be of consider- 
able aid in the solution of one of these problems. 

One of the most difficult tasks in library reconstruction after the first 
World War was that of completing foreign institutional sets of American 
scholarly, scientific, and technical periodicals. The attempt to avoid a dupli- 
cation of that situation is now the concern of the Committee. 

Many sets of journals will be broken by the financial inability of the insti- 
tutions to renew subscriptions. As far as possible they will be completed 
from a stock of periodicals being purchased by the Committee. Many more 
will have been broken through mail difficulties and loss of shipments, while 
still other sets will have disappeared in the destruction of libraries. The 
size of the eventual demand is impossible to estimate, but requests received 
by the Committee already give evidence that it will be enormous. 

With an imminent paper shortage attempts are being made to collect old 
periodicals for pulp. Fearing this possible reduction in the already limited 
supply of scholarly and scientific journals, the Committee hopes to enlist the 
cooperation of subscribers to this journal in preventing the sacrifice of this 
type of material to the pulp demand. It is scarcely necessary to mention the 
appreciation of foreign institutions and scholars for this activity. 

Questions concerning the project or concerning the value of particular 
periodicals to the project should be directed to Wayne M. Hartwell, Execu- 
tive Assistant to the Committee on Aid to Libraries in War Areas, Rush 
Rhees Library, University of Rochester, Rochester, New York. 
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LEE ELLIS MILES 
September 25, 1890-May 10, 1941 

DavidC.Neal 

Dr. Lee Ellis Miles, Plant Pathologist of the Mississippi Agricultural 
Experiment Station and Agent of the Dmsion of Cotton and Other Fiber 
Crops and Diseases, U. S. Department of Agriculture, died suddenly of a 
heart attack on May 10, 1941, at Greenville, Mississippi. At the time of his 
death he was collecting field data on cotton and oat diseases in the Mississippi 
Delta region. He was the son of Charles and Sarah Jane Acres Miles, Irish 
and Welsh parents, and was born in Rockville, Indiana, September 25, 1890. 
He was valedictorian of the graduating class of Rockville High School in 
1910, and was graduated from Wabash College with the A.B. degree in 1914. 
For high scholastic ability in his junior year at Wabash, he was elected 
to Phi Beta Kappa. He was a member of Lamba Chi Alpha social fratern- 
ity. Dr. Miles served in the Indiana National Guard in 1914 and, during 
the World War I, he was attached to the 25th Machine Gunners’ Battalion, 
U. S. Army. 

In 1917, the University of Illinois awarded him a fellowship in plant 
physiology and, in 1920, he received the degree of Ph.D. from the same 
institution. His doctorate dissertation was ^^Leaf Spots of the American 
Elm.” 

During the summers of 1919-20 he was employed by the Bureau of Plant 
Industry, U. S. Department of Agriculture, in Barberry eradication and 
White Pine Blister Rust Control in the States of Illinois, Michigan, Wis- 
consin, and Tennessee. 

From 1920 to 1922, Dr. Miles served as plant pathologist for the Missis- 
sippi State Plant Board. He was in charge of eradication of diseases of 
sweet potatoes, sugar-cane mosaic, etc., plant-disease inspection of nurseries, 
and was a member of the advisory board on plant-disease control. In 1922, 
he resigned his position in Mississippi to become pathologist of the Alabama 
Agricultural Experiment Station and Professor of Plant Pathology at the 
Alabama Polytechnic Institute, Auburn, Alabama. During his residence 
in Auburn he was married to Miss Eunice Rebecca Stodghill, who survives 
him together with two daughters, Lallah Jane and Mary Martha Miles. In 
1927, Dr. Miles accepted the position of Assistant Plant Pathologist with the 
Experiment Station and Assistant Professor of Plant Pathology at State 
College of Washington, Pullman, Washington. He remained in this position 
only one year and returned to Mississippi in the summer of 1928, where he 
served as Plant Pathologist of the Mississippi Agricultural Experiment Sta- 
tion, State College, Mississippi, to the time of his death. At the Mississippi 
station, he became actively interested in the cotton-disease investigations 
sponsored by the Cotton Disease Council and conducted in cooperation with 
the Bureau of Plant Industry, U. S. Department of Agriculture, and made 
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several scientific contributions in this field. He investigated particularly 
the seedling diseases of cotton, cotton seed treatment, the effect of period and 
type of storage following treatment, and varietal resistance of cotton to 
fnsarium wilt and root-knot nematode. He also was the first to discover 
verticillium wilt of cotton and downy mildew of oats in Mississippi. He 
spent the summer of 1940 at Harvard University in taxonomic research on 
this downy mildew fungus. 

He was a student of mycology, two of his noteworthy publications being : 
'"The Eusts of Mississippi,’’ and ''The Ascomyeetes of Mississippi,” pub- 
lished during the years 1933-35. He knew the fungi and their host plants 
well; and in conducting research in applied plant pathology, he proceeded 
not only with scientific vision but with the practical aspects of plant-disease 
control as the uppermost objective. He enjoyed botanical field trips, 
botanical collecting, and athletic sports (particularly football, basketball, 
and track), and took an active part in scientific meetings. He served the 
Southern Section of The American Phytopathologieal Society as Secretary 
from 1923-25; President, 1930-31; and as member of the Council of the 
American Phytopathologieal Society 1932-33. He was a life member of The 
American Phytopathologieal Society, member of the Botanical Society of 
America, member of the Executive Committee of the Cotton Disease Council, 
Fellow of American Association for the Advancement of Science, and mem- 
ber of Sigma Xi. 

A forceful speaker and endowed with a dry sense of humor. Dr. Miles 
always commanded attention and respect whenever called upon to make 
impromptu remarks or to address a scientific meeting or other assemblage. 
A strong personality was Dr. Miles, devoted to his family, loyal to his 
friends, and sympathetic and tolerant toward the views of others. He 
lived a full and fruitful life, which endeared him to a host of friends. 
Eegardless of whether it was the college associate, the merchant, or family 
doctor who accompanied him on deep-sea fishing trips, the farmer or plant 
grower who discussed his plant-disease problem with him in the field, or 
the co-worker who collaborated with him on disease surveys or at scientific 
meetings, the lives of all of these acquaintances are richer for having known 
him. 

His passing marks a distinct loss to plant pathology, to southern agricul- 
ture in particular, and to Mississippi, his adopted State, whose citizens he 
served with distinction for many years. 

Dr. Miles conducted research and published numerous articles in varied 
fields of plant pathology including diseases of cereals, cotton, nursery and 
ornamental plants, pecans, truck crops, and sugar cane. A list of his pub- 
lications together with those of joint authorship follows: 

1. Miles, L. E. The leaf spots of the elm. Univ. of Illinois Thesis. Eepiinted from 

Bot. Gaz. 71: 161-198. 1920. 

2. — . Angular leaf spot of cotton in Miss, in 1934. (Abstract) Phytopath. 

25 * 973 1935 

3. — — . Ann. Eept. Dept. Plant Pathology. 1928, 1931, 1932, 1938. See 

Ann. Bept. Miss. Agr. Exp. Stat. 42 (1928). (45) 1931, 1932, 1930, 1932. 
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4. 

5. 


. Bean antliraciiose. Quart. Bull. Miss. State Plant Board. 2: 19-22. 

1922. 

Control of basal-rot of narcissus. Miss. Agr. Exp. Stat. Tech. Bull, 

19: 1-12. 1932. 


6. — Control of gladiolus scab. Phytopath. 23: 802-813. 1933. 

7. , Control of oat smut. Quart. Bull. Miss. State Plant Board. 9 : 8-10. 

1929. 

8. Gladney, H., E. P. Colmer, J. P. Kislando and L. E. Miles. Controlling pecan scab 

and other pests. Quart. Bull. Miss. State Plant Board. 8: 1-7. 1928. 

9. Humphrey, C. J., and L. E. Miles. Dry-rot in buildings and stored eonstruetion 

materials and how to combat it. Ala. Poly, Inst. Ext. Serv. Cire. 78 : 1-26. 
1925. 

10. Miles, L. B. Ejffeet of potash fertilizers on cotton wilt. Miss. Agr. Exp. Stat. Tech, 

Bull. 23: 21pp. 1936. 

11. — , blight of apple and pear. Quart. Bull. Miss. State Plant Board. 

2: 9-11. 1922. 

12. . The mosaic disease of sugar cane in Miss, in 1920. Miss. Agr. Exp. 

Stat. Bull. 191 : 1-11. 1920. 

Ig, . species of fungi from Miss. Mycologia. 18: 163-168. 1926. 

14. — . ^ species of Myriangium on pecan. Mycologia. 14: 77-80. 

1922. 


15. Miles, L. E., and D. 0. Neal. Diseases of sugar cane and sorghum. Quart. Bull. 

Miss. State Plant Board. 3: 15-76. 1923. 

16. Miles, L. E. Pecan scab eontrol. Proe. National Pecan Growers’ Assoc. 24: 49-51. 

1925. 


17. . Potash for cotton wilt and rust in South Miss. Better Crops. 20: 

6-8, 41-46. 1936. 

18. . Potash for cotton wilt in the Miss. Delta Region. Better Crops. 

20: 18-22, 41-44. 1936. 

19. . ^ pyrenomycetous leaf spot of bur clover. Phytopath. 15: 29-30 

and 677-690. 1925. 

20. . Report of one year’s test of copper fungicides and other new mate- 

rials as peach sprays. (Abstract) Pbytopath. 25: 972. 1935. 

21. — . Rose diseases. Quart. Bull. Miss. State Plant Board. 2: 16-17. 

1922. 


22. . Rose diseases in 1929. Quart. Bull. Miss. State Plant Board. 8: 

11-14. 1929. 

23. . The rusts of Miss. IT. S. Dept. Agr. Bur. Plant Ind. Plant Dis. 

Rptr. 18: 54-73. 1934. 

24. Effect of period and type of storage of cotton seed after treatment 

with organic mercury dusts. Phytopath. 29 : 754 (abstract) and 986-991. 1939. 

25. . ^ome diseases of economic plants in Porto Rico. Phytopath. 7: 

345-351. 1917. 

25. . Some new Porto Rican fungi. Trans. 111. Acad. Sci. 10: 249-255. 

1917. 


27. . Some sugar-cane varieties resistant to mosaic. Quart. Bull. Miss. 

State Plant Board. 9: 1-4. 1929. 

28. . Some tests of varietal susceptibility to a combination of root-knot 

nematode and cotton wilt. Phytopath. 29: 974-978. 1939. 

29. . Spraying experiments in 1923 for eontrol of pecan scab. Proe. Ala. 

Pecan Growers’ Assn. (1924): 30-34. 1924. 

30. . Stem rot and black rot of sweet potatoes. Quart. Bull. Miss. State 

Plant Board. 2: 1. 1931. 

31. Treatment of sweet-potato plants for the eontrol of black rot. 

Phytopath. 24: 1227-1236. 1934. 

32. — . The verticillium wilt disease of cotton. (Abstract) Phytopath. 25: 

972-973. 1935. ... 

33. . Verticillium wilt of cotton in Greece. Phytopath. 24 : 558-559. 

1934. 

34. __ — _. Verticillium wilt of cotton in Miss. Phytopath. 22 : 767-773. 1932. 

35. — — — ^ ~ Some tests of varietal susceptibility to a combination of nematodes 

and cotton wilt. (Abstract) Phytopath. 29 : 755. 1939. Phytopath. 29 : 974- 
978. 1939. 

36. Neal, D. C., G. E. Alstatt, C. Hi Arndt, XT. R. Gore, S. G. Lehman and L. E. Miles. 

Regional studies in 1938. (Abstract) Proe. Pourth Annual Meeting Cotton 
Dis. Council, New Orleans, La, 1938. 

37. Miles, L. E. Downy mildew on oats in Miss. (Abstract) Phytopath. 31: 768. 


38. 


Effect of storafire of treated cotton seed in closely- woven cotton bass. 


difference in pH RELATIONS OP SOME PATHOGBNICALLY 
VARIABLE STRAINS OP TOMATO PUSARIUM 

Feederick L. Wellman 
(Accepted for publication July 22, 1941) 

INTRODUCTION 

The well-known tomato wilt caused by Fiisarium 'bulbigenum var. lyco- 
persici (Brnshi) Wr. and R., has been an important disease for many years. 
Strains of tomato that are wilt-resistant under ordinary field conditions 
have been bred and selected by numerous workers. At times, however, these 
varieties are more severely damaged by Fusarium than might be expected ; 
a fact that may be due in part to the presence of fungus strains of increased 
virulence. More highly wilt-resistant varieties of tomato are being devel- 
oped (1, 4), and, in the course of such work done at the II. S. Horticultural 
Station, Beltsville, Md., studies have been made of the relative virulence of 
a number of strains of the causal organism. 

A considerable range of pathogenicity (11) has been shown to occur in 
strains^ of the tomato wilt Fusarium, varying from those of mild type, pro- 
ducing little damage, through those causing increased disease, to a highly 
virulent type. Attention also has been given (12) to the direction and 
/apidity of variation. While studying variant Fusarium strains in culture 
and pathogenically, contrasts were seen to be so great as to indicate the 
probability of marked divergence in physiology of the strains in vitro. 
These observations were pursued further, and one phase of the problem 
included a study of certain pH relationships. The research here reported 
does not represent an exhaustive study of hydrogen-ion relationships of the 
tomato-wilt Fusarium, since the results were considered first of all as an 
addition to the data on the divergence of strains of the organism. It is 
believed, however, that they may also be of interest in connection with the 
complex problem of relative virulence in variant isolates. 

MATERIAL AND METHODS 

A total of 79 different isolates or strains of Fusarium humgenum -vsly. 
lycopersici were used in these studies. One series of 28 strains had been 
previously studied and described (11) and its members were known as to 
pathological and cultural histories. They varied pathogenically from ex- 
tremely virulent through intermediate types to very mild when tested on 
seedlings of Bonny Best and Marglobe tomato and, culturally, from the class 
bearing raised, white, woolly mats through intermediate types to the ap- 
pressed class characterized by dark slimy mats with little or no aerial growth. 
Of these strains, two were selected for intensive studies on the basis of 
approximately the widest divergence in pathogenicity, as already deter- 
mined (11, 12). The most virulent isolate was No. 5; the mildest was No. 

i The term strain ’’refers to enlturai progenies from a given isolate. 
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15, both of single-spore origin. These were then further ^^pure lined’’ by 
use of monosporic reisolation methods. With both strains, 8 naonosporie 
isolates were made for each ‘‘cultural generation.” These were grown and 
tested according to standard technique (10) for pathogenicity. In the case 
of the R5 isolates, 6 “generations” were grown, and in each generation the 
culture giving highest pathogenicity was kept for reisolation purposes and 
the 7 remaining cultures discarded. The same method was followed for 8 
generations in the case of the A15 strain, except that the colony from which 
lowest pathogenicity index ■was obtained was used for the reisolation pur- 
poses. The object of this procedure was selection of an “R” strain on the 
basis of highest pathogenicity and selection of an “A” strain on the basis 
of lowest pathogenicity. These Avere designated separately from their 
parents, namely, R5-6 and A15~8; and have been compared in detail in 
table 1. 

TABLE 1. — Comparison of certain characters of the B5-6 (virulent) and A15-8 
(mild) strains of Fusarhm hulhigenum var. ly coper sici 


Points of comparison 


Source of strain 

Culture class and viru- 
lence^ 

Aerial growth on agarc 
'' liquid^ 

Mat texture on agar 
■ ^ ^ ^ in liquid 

Color® of agar culture 
Color of rice culture 
Color of liquid culture 

Odor of agar culture 
Odor of liquid culture 


Strain B5-6 


6 monosporic reisolations 
from 

Raised, virulence index 
= 15.00 

Abundant, fine woolly 
Thick, fluffy, floating 
Tender, cheesy 
Brittle, folded and warty 
White to pale lavender 
Pale Persian lilac 
White to pale vinaceous 
lilac 

Ammoniaeal 
Strong ammonia 


Strain A15~8 


8 monosporic reisolations from 
A15a 

Appressed, virulence index 
= 1.90 

Scanty tufts of hyphae 
Thin, slimy, mostly submerged 
Tough, stringy 
Tough, smooth 

Vinaceous purple to light huff 

Cinnamon 

Tawny 

Sweetish aldehyde 
Slightly sour, yeasty 


a Previously described and studied (11, 12). 

b Reference is made to prior publications (10, 11, 12) for definition of culture classes 
and numerical evaluation of virulence. Indexes from parallel tests on 20 plants of Bonny 
Best tomato: 15.00 = plants dead and collapsed; 1.90= plants with browned vascular 
bundles in roots nearly up to cotyledonary node, but externally plants apparently healthy. 

® Agar of the ^^differential formula^' described in this paper. Grown 2 weeks on all 
media. 

d Liquid used was of Tochinai formula (10). 

® Color according to Ridgway (6). 

In addition to the 30 isolates just mentioned, 49 others were secured 
within 2 summer seasons from field-grown Bonny Best plants that were in 
various stages of wilt. These latter cultures were single-spore isolates, each 
from a separate plant, except for 6 saltants out of these, which also were 
included. These cultures were all found to be well within the limits answer- 
ing the description by ‘Wollenweber and Reinking (14) ot Fusarmm hulii- 
genum var. ly coper sici. 

The culture medium generally used was made according to the Tochinai 
formula (10). As a liquid medium it had a pH of about 6.0 to 6.2. Differ- 
ent reactions were produced by the use of separately prepared and sterilized 
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dilute hydrocMorie acid and sodium hydroxide solutions, mixed, after cool- 
ing, in equal quantities with double-strength culture medium. It was found 
that Toehinai agar did not give the most distinctive reactions between dif- 
ferent cultural variants. By varying the components of several of the best 
known of the standard culture media used with fusaria, a formula was 
finally devised that gave the most rapid and consistent results in differential 
studies between R5-6 and A15-8, as well as other strains. The formula is 
as follows : proteose peptone 5.0 g., dihydrogen potassium phosphate 0.5 g., 
magnesium sulphate 0.5 g., maltose 15.0 g., ferrous sulphate 0.03 g,, agar 
12.0 g., water 1000.00 cc. As a liquid it had a pH value of about 5.2 to 5.4. 

All glassware employed was of the insoluble’^ type. Liquid cultures 
were grown in 100 ce. of liquid in 200 cc. small-mouthed Ehrlenmeyer flasks. 
Agar cultures were in Petri dishes 9.0 x 1.5 cm. containing approximately 
? 20 ce. of agar. Every pH determination was made with the Beckman pH 

meter, standardized at frequent intervals against known buffer solutions. 
Except in a few eases that are mentioned, cultures were held in a dark incu- 
bator at an approximate temperature of 27.5° (±1.2°) C. 

Standard-size pieces of inoculum were taken from 21-day-old Toehinai 
agar plates that had been inoculated in the center. These plates were set 
in the center of a block on which was drawn a circle the exact diameter of 
the bottom half of a Petri dish containing agar. Extending at equidistant 
points around the periphery of the circle were markings to indicate radial 
lines. A sharp-edged steel tube was employed to cut disks of 5.5 mm. diame- 
ter from near center to edge along these radial lines, so that the inoculum 
for each cultural treatment within a test was taken as nearly as possible 
along one radius of mat growth. Preliminary studies showed that in ap- 
parently stable strains of Fusarium this technique resulted in a uniform 
selection of inoculum. In obviously saltating strains results of saltant action 
were more certain of demonstration, since it was observed that sectors oc- 
curred more frequently along radial lines. When numerous disks for inocu- 
lum were cut, supposedly at random, in an agar plate there was apt to be 
unconscious selection of disks on the basis of ease of handling rather than 
age of growth or cultural variability. 

Every flask of liquid was inoculated with a single disk of inoculum. 
These were shaken immediately, put in the incubator, and left untouched 
until the desired period of growth had elapsed. In the case of mixed cul- 
tures, a half -disk of one strain matched with the half disk of another was 
used for inoculum. In agar experiments disks were placed with aerial 
growth down at the center of Petri plates, on the hardened agar surfaces, 
care being taken to avoid any sliding of the disk on the medium. 

Each datum that refers to either pH readings or mat weights represents 
the mean of at least 3 determinations. Weights were secured by first pour- 
ing the contents of incubated flasks onto weighed, air-dry filter paper in a 
Buchner funnel attached to a low vacuum water pump. Excess liquid was 
then withdrawn, mats were washed with 100 ce. of cold water, which was 
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filtered oiE, and the mat and papers dried at room temperature. This room 
was steam-heated, and, under the local laboratory conditions, drying pro- 
ceeded rapidly and approached equilibiunm in about 4 days. Pinal weights, 
however, were not recorded until after drying 14 to 16 days. To correct 
for the weight of the inoculum air-dry weights of 9 disks from each place 
used as source of inoculum were obtained by dropping newly cut disks into 
liquid medium, shaking, filtering immediately, and drying. The average 
inoculum weight was subtracted from the final mat weight, so as to indicate 
growth on the basis of net weight. Growth of cultures was on the whole 
very uniform, variations being small within triplicates. This also was true 
of mat areas obtained on agar cultures. 

In the ease of growth on agar, results were recorded as areas in square 
centimeter of agar covered. Means were taken in millimeters of 4 radii on 
each colony grown in a triplicated pH series. Prom this a “gross’’ area 
was calculated from which the mean area of the pieces of inoculum were 
subtracted. 

Disease evaluations were determined (10) on the susceptible and tolerant 
test hosts, Bonny Best and Marglobe. Numerical indexes are briefly as fol- 
lows : 0 = no observable internal or external disease symptoms ; 1, 2 = mild 
disease, discolored vasculars in base of plant up to cotyledonary node, no 
leaf symptoms; 3, 4, 5 = moderate disease, darkened veins in the base of 
stem, lower leaves wilting; 6, 7 = serious disease, dark vasculars in more than 
half of stem, lowest leaves wilted, leaves in central portion of plant wilting ; 
8, 9 = severe disease, dark vasculars extending nearly to tip, almost all leaves 
wilted except those at tip ; 10 = very severe disease, vasculars dark full length 
of stem, all leaves, even at tip, wilting or dead, stem of plant upright ; 11 
to 15 = extreme severity, all leaves dead, stem condition ranging from first 
signs of collapse to complete prostration. 

PROGRESSIVE pH CHANGES IN A LIQUID MEDIUM 

Parallel sets of flasks of Tochinai liquid having a pH of approximately 
6.1 were inoculated with E5-6 and A15-8 and placed in the incubator. 
Sample sets of 3 cultures were removed from these series at intervals for 
determinations of change both in pH and in weights of air-dry mats. Data 
from 5 series were taken at the following intervals : series 1, at 0, 3, 10 and 
15 days; series 2, at 0, 10, 15, 20, 30 and 40 days; series 3, at 0, 1, 4, 7, 10, 
20 and 32 days ; series 4, at 0, 5, 12, 19, 50, 100, 120 and 150 days ; and series 
5, at 0, 3, 5, 8, 12, 16, 22, 27, 33, 41, 53, 60 and 67 days. 

Prom what had been learned from previous series, the fifth was designed 
so that samples were taken at the best intervals to demonstrate as complete 
details as practicable of the critical pH and weight changes. Data from the 
other series differed so little from No. 5 that the latter may be taken as 
characteristic of all the series. Results from it are therefore the only ones 
to be given and are represented in figure 1, A and B. 

It will be seen from the curves representing weight changes (Pig. 1, B) 
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that the virulent strain produced much greater mat weight than did the 
mild strain, and the high point was gained by the virulent strain at around 
12 days’ growth. It took the mild strain 22 days to reach its greatest 



pH of Licjuids 


Fig. 1. Growth in liquid cultures (TocMnai formula) of pathogenically different 
strains of Fusarium 'buTbigenum, var. lycopersicL A. Progressive changes in pH produced 
by a virulent (P5-6), and a mild (A15-8), strain of the organism. B. Progressive mat- 
weight determinations for the virulent and mild strains. These data taken concurrently 
with A and from the same cultures as those tested for pH. C. Mat weights produced 
after 16 days’ growth in media initially adjusted to a wide range of pH. 

weiglit. After reaching their respective high points, both strains lost some 
weight, apparently because of partial disintegration, or antolysis, of the 
mycelial mats. This loss was arrested finally, as the curves indicate. It 
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will be noted in figure 1, A, that immediately after either of the strains 
began growing acidity increased in the liquids for the first 5 days, and was 
most intense in cultures of the mild organism. In these cultures the pH 
then rose gradually until about the 40th day. It took the virulent culture 
about half the time required by the mild organism to go through the same 
course of changes. 

It is interesting also to observe differences in the concurrent pH and 
weight changes produced by the A and R strains (Pig. 1, comparing curves 
shown in diagrams A and B). For 115-6, by far the greatest increase in 
mat weight was at the beginning of growth between 2| and 5 days after 
inoculation, during which time the liquid was becoming most acid. For 
A15-8, on the other hand, a comparatively rapid increase in mat weight con- 
tinued in progress for around 15 days after growth in culture was well estab- 
lished. During this time the liquid attained its greatest acidity, then it 
became less acid until it approached neutrality. It required about 40 days 
for R5-6 cultures to reach a point where little further loss in mat weight 
occurred, and about 60 days for the A15-8 cultures. 

GROWTH AFFECTED BY DIFFERENT PH REACTIONS OP MEDIA 

Agar Medium 

It should be repeated here that no attempt was made to execute a com- 
plete study of the relation of pH ranges in media to growth of strains of 
the tomato-wilt Fusarmm. The main purpose was the demonstration of 
differences in the physiology of strains of the pathogen. 

In figure 2 are represented smoothed curves giving the comparison be- 
tween areas covered after 115 hours of growth at 27.5° C. on agars of dif- 
ferent initial pH reactions by the virulent and mild strains. These data 
are the means of results from 3 experiments that were run within a few 
days of each other, and for the same number of hours in the same tempera- 
ture chamber. The agars in each (handled in triplicate) were adjusted to 
12 pH points from 2.2 to 11.7. Except in a very few instances in the ex- 
tremely acid or alkaline agars, the curves for the individual experiments 
ran close to and did not cross the smoothed curves depicted in figure 2. 

On agar the optimum pH ranges were much alike for strains A15-8 
and R5-6. The greatest areas of growth were covered with both strains 
between a pH of 7.0 and 8.7, The greatest difference between these cul- 
tures on agar was seen in the comparative amounts of growth produced. 
Nearly 20 per cent more area was covered by the mild strain of the organism 
than by the virulent strain. 

Liquid Medium 

Studies were likewise made of mat weights produced in liquid medium 
adjusted to different pH readings. Results of typical experiments are rep- 
resented in figure 1, C, and the data from the other series are given in tables 
2, 3, and 4. There were slight divergences, but, on the whole, the virulent 
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R5— 6 strain, had an optimum at the quite acid reaction of approximately 
pH 4.0, while the mild A15-8 had an optimum at a definitely alkaline reac- 
tion of about pH 8.0. Extremely acid (pH 2.0 to 3.0) and extremely alka- 
line (pH 11.0 to 12.0) media were unfavorable to about an equal degree for 
both strains of the organism. When mat weights from either of the stable 
strains, A15-^8 or R5-6, were plotted against original pH reactions of media 
(Fig. 1, C) the results were comparatively regular curves having single 
optimum points. When the data from unstable strains were handled in the 
same way, the curves showed considerable irregularity with more than one 
point of optimum growth. 



pH of Agars 


Pig. 2. Areas covered by a virulent and a mild strain of the tomato-wilt Fusarium 
on agar (TocMnai formula), adjusted at 12 points over a wide range of pH. The 
smoothed curves represent the mean areas covered at these points on 9 agar cultures from 
3 separate series. Each series was grown 115 hours at 27.5° C. 

Equal-size bits of mycelium from A15--8 and R5-6 were combined and 
used to inoculate a total of 4 culture series that had wide ranges of pH. 
After incubation, mat weights were obtained from these series, and the re- 
sults (Pig. 1, C, and Table 3) gave an indication of the occurrence of more 
than one maximum growth point with considerably reduced growth between 
these rises. The general tendency seemed to be for two such maxima to 
develop. In addition to this tendency, seen among tests in the series inocu- 
lated with mixtures of the stable strain and mild strain, what appeared to 
be bimodality was found in all of 7 tests of cultures from 3 strains of the 
known to be unstable and that were distinctly saltating at the 
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time they were used for inoculum. The significance of these findings in 
eoniparison with the findings of other workei's on the same organism, will 
be examined below in the discussion. 


TABLE 2. — Gfowtli^ in TocMnai liquid medimn of mnilent (l^SS) and mild (AlS- 
S) strams of Fusarimti hulMgemm var. lycopersici m influenced hy various initial pE 
reactions^ of the medium^ 


Series 

Series 

Reaction 

Average mat weights 

Reaction 

Average mat weights 

of medium 

R5-6 

A15-8 

of medium 

R5-6 

A15-8 

pH 

Gm. 

Gm, 

pH 

Gm, 

Gm, 

1.0 

.00 

.00 

3.1 

.27 

.17 

1.7 

.01 

.00 

3.2 

.38 

.18 

2.1 

.03 

.01 

3.6 

,50 

.18 

2,8 

.35 

.26 

4.2 

.56 

.20 

3.3 

.49 

.27 

4.7 

.57 

.21 

3.8 

.65 

.25 

6.0 

.53 

.23 

4.1 

.89 

.27 

6.7 

.53 

.25 

4.3 

.87 

.30 

7.2 

.50 

.29 

5.2 

.83 

.29 

7.7 

.50 

.32 

6.1 

.70 

.31 

8.1 

.49 

.32 

6.8 

.70 

.34 

8.4 

.46 

! .26 

7.8 

.71 

.40 

9.1 

1 .41 

.24 

8.6 

.71 

.37 

9.7 

.37 

.25 

10.2 

.68 

1 .35 




11.2 

^ .41 

.19 




11.7 

.30 

.01 




12.0 

.00 

1 





a Growth recorded as the average weight of 3 fungal mats. 

Beaetions regulated through use of diliite HCl and NaOH. 
c Tochinai liquid (10). 

d In these experiments 4 series were run : Data from series 2 are represented in figure 
1, G ; from series 4 presented in table 3. All series incubated in the dark at approximately 
27.5° 0., series 1 and 2 for 14 days; series 3 for 9 days; series 4 for 16 days. 

CHANGE IN REACTION OP LIQUID CULTURES STARTED AT DIFFERENT 

pH LEVELS 

Changes in pH of liquid media having different initial reactions were 
studied in parallel series inoculated with the virulent E5~6 and the mild 
A15~8 forms. There were 4 experiments in these studies, and in each one 
variations were seen between the growth changes of the mild and virulent 
organisms, as is shown in the data of table 4. The general tendency was 
for the virulent strain to reduce acidity of the originally acid liquids in 
which, at the same time, it had produced its best growth. The pH of the 
acid liquids was changed but very little by the mild strain. On the whole, 
liquids with reactions around neutrality were made more alkaline by the 
virulent strain; comparatively, they were changed less by the mild strain. 
The liquids that were initially of moderate alkalinity in which the mild 
strain produced its maximum growth were at first made more acid by its 
growth and changed but little by the virulent strain. These mild cultures 
became slightly more alkaline than the original pH level as their age in- 
creased, while the virulent cultures displayed a greater degree of alkalinity. 
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TABLE 3. — Growth^ in TocMnai liquid medium of different strains of Fusarium 
huTbigenum var. lycopersici as inflitenced by various pH reactions of the medium 


Weight produced by the Pusarium strains indicated 


Reaction 

of 

medium 

wlien 

inocu- 

lated 

R5-6b 

A15-8« 

115-6 aad A15-8 
mixed 

RS 29d 


IR13e 


Series 4 
Test 
No. 

Series 4 
Test 
No. 

Series 1 

Test No. 

Series 1 

Test No. 

Series 1 

Test No. 


1 

1 

1 

2 

3 

1 

2 

3 

1 

2 

3 

pH 

Gm, 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

1.7 

.01 

.00 

.02 

.01 

.01 

.02 

.01 

.00 

.01 

.01 

.01 

2.1 

.03 

.01 

.06 

.04 

.05 

.03 

.03 

.04 

.03 

.03 

.03 

2.5 

.23 

.04 

.36 

.35 

.16 

.09 

.14 

.07 

.14 

.06 

.08 

2.9 

.35 

i .26 

.33 

.23 

.29 

.15 

.14 

.20 

.21 

.22 

.17 

3.2 

.49 


.23 

.40 

.41 

.22 . 

.25 

.24 

.20 

.22 

.09 

3.5 

.46 

.26 

.45 

.46 

.36 

.25 

.20 

.22 

.17 

.16 

.17 

3.8 

.65 

.27 

.54 

.46 

.49 

.27 

.55 

.50 

.15 

.19 

.22 

4.2 

.89 

' .27 

.84 

.80 

.84 

.40 

.31 

.35 

.22 

.20 

.20 

4.5 

.87 

.31 

.87 

.80 

.45 

.36 

.38 

.33 

.16 

.22 

.21 

6.1 

.77 

.37 

.40 

.81 

.35 

.36 

.37 

.45 

.17 

.19 

.22 

7.1 

.71 

.41 

.73 

.80 

.71 

,33 

.39 

.37 

.21 

.25 

.28 

7.7 

.74 

.37 

.74 

,64 

.73 

.41 

.42 

.39 

.24 

.24 

.23 

8.4 

.61 

.36 

.72 

.69 

.72 

.42 

.44 

.40 

.22 

.25 

.22 

10.3 

.51 

I .36 

.56 

.55 

.58 


.40 

.35 

.25 

.25 

.31 

11.4 

.41 

! .19 ■ 

.35 

.38 

.27 

.27 

.23 

.29 

.10 

.15 

.22 

11.7 

.30 

,00 

.24 

.29 

.25 

.12 

.14 

.14 

.12 

.00 

.00 


a Growth recorded as the naean of air-dry weights of mats from 3 cultures in each 
treatment. Cultures incubated 16 days in the dark at approximately 27.5° C. ^ 

b Stable, pure-line, highly virulent strain. See table 1 and text for description, 
c Stable, pure-line, very mild pathogenically. See table 1 and text for description. ^ 
Unstable, vigorously saltating strain, severe at times but erratic in its pathogenic 
behavior (11). 

e Unstable, saltating strain, of medium somewhat erratic pathogenicity (11). 

CHANGE IN pH OP LIQUID CULTURES INDICATIVE OP RELATIVE 
PATHOGENICITY 

Isolates of Known Patliogenicity 

As the curves of progressive pH change by the highly virulent and very 
mild strains of the organism were studied, it seemed probable that compara- 
tive degrees of acidity developed in liquid cultures of isolates unknown as 
to disease capacity might indicate their relative pathogenicities. It can be 
seen from reference to the curves presented in figure 1, A, that in R5-6 and 
A15-8 the greatest spread between pH readings occurred during the third 
week of incubation. Cultures of this approximate age, therefore, were 
tested for acidity in these studies. 

The first group of cultures used were the 28 isolates that had previously 
been studied (11) for relative pathogenicities correlated with culture classes. 
All isolates were grown on the differential medium described above under 
Materials and Methods,” they were checked as to appearance, and cultures 
3 weeks old were used as source of inoculum for triplicate sets of flasks of 
liquid medium. A number of representative members in each of the 5 
culture classes were used for pH tests after 9 days incubation, and all of 
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the strains were tested after growing 18 days (Table 5). For points of 
reference it should be kept in mind that No. 5 was the parent’^ for the 
pure-line strain E5-6 used in other parts of these studies, and No. 15 was 
the parent for the pure-line strain A15“8. 

It may be seen that after 9 days there was indication that the most highly 
pathogenic cultures were closer to neutrality than the milder strains, which 


TABLE 5. — Change in pH of liquid medium^ due to growth of isolates of tomato wilt 
Fusarium that had been previously studied for relative pathogenicities^ 




Eeactions of inoculated liquids 

Isolate 

Culture class 

9 days 
incubation^ 

18 days 
incubation^ 

No, 

8 

Eaised 

pH 

pH 

8.2 

5 

i 1 

6.2 

8.3 

21 



8.3 

17 

a 

1 6.3 

8.2 

7 

Eaised sclerotial 



7.8 

9 

< e a 


7.8 

4 

a a 

j 6.3 

7.9 

12 

i( te 

' 6.3 

8.1 

16 

it it 

6.2 

8.1 

2 

a n 


7.8 

29 

a a 


8.1 

11 

Intermediate raised 

6.2 i 

7.6 

26 

a a 


7.4 

13 

a a 

5.3 

7.7 

23 

a a 

6.2 

7.2 

20 

a a 


7.3 

14 

a it 


7.3 

3 

Intermediate appressed 

5.6 

7.3 

28 

a a 

5.4 

7.2 

22 

a a 


7.2 

10 

a a 


7.2 

19 

a ({ 

5.5 

7.6 

18 

Appressed 


6.5 

27 

a 


6.9 

6 

a 

£'9 

6.9 

1 

a 

5.0 

6.3 

24 

i t 

5.5 

6,0 

15 

a 

4.8 

5,5 


Sterile liquid 

6.0 

6.1 


a Tochinai medium, formula given elsewhere (10) ; initial pH value, 6.0. 

Arranged according to disease evaluations as reported in a previous paper (11, p. 
14) ; most virulent at top, in descending order of pathogenicity with mildest at bottom. 
Nos. 25 and 30 not included since they were anomalous members of the 30 isolates tested. 
It should be noted that later work has shown that No. 5 is slightly more pathogenic and 
stable than No. 8. 

c Incubated in the dark at approximately 27.5° C. 

were slightly on the acid side. When a total of 18 days had passed, dif- 
ferences in pH were even more notable: high virulence was accompanied 
by increased alkalinity ; the mildest strains were most acid in reaction; and 
with the intermediate strains, the pH lay between the extremes. 

ISOLATES OP UNi^OWN PATHOGENICITY 

Stems of wilted tomatoes were collected in 5 gardens and fields at a dis- 
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tance froiii any artificially infested experimental plot. In all, 35 single- 
spore isolates were secured, 29 of them representing separate isolations from 
plants and 6 of them appressed saltants from raised sclerotial culture types. 
A] ] were grown on the special differential agar medium. They w^ere first 
classed according to cultural types and then used to inoculate flasks of 
Tochinai liquid medium. The pH readings of the liquids were made after 
cultures had been incubated from 14 to 16 days. Eesults were as follows : 
the 9 raised cultures varied in pH from 7.5 to 8.2 with a mean of 7.9; the 
3 raised sclerotial types varied from 7.5 to 7.8 with a mean of 7.7 ; the inter- 
mediate raised varied froip 5,9 to 7,6 with a mean of 6.8; the 4 intermediate 
appressed varied from 6.1 to 6.9 with a mean of 6.6; and the 12 appressed 
varied from 5.5 to 6.3 with a mean of 5.8. 

Another series of 14 cultures of wilt Fusarium^ unknown as to relative 
pathogenicities, were studied (Table 6). These consisted of monosporic 


TABLE 6. — Monosporic tomato icilt Fusarium isolates from naturally infected 
plants, compared with respect to: culture class, ^ change in pH of medium,^ and patho- 
genic evaluation^ 


Isolate 

Culture 

class 

Eeaction 
of liquid 

Disease index from host 

Bonny Best 

Marglobe 

Mean valued 

Mean valued 

No. 



1 


32 

E 

8.3 

9.76 + 0.77 

! 6.16 ± 0.30 

33 

E 

8.3 

11.84 + .81 

1 6.56 + .36 

40 

E 

8.1 

10.16+ .86 

j 5.68 ± .36 

34 

ES 

7.9 

7.28+ ,49 

1 5.88 + .63 

37 

ES 

8.1 

12.72+ .64 

5.76 ± .42 

30 

ES 

8.0 

8.04+ .68 

4.40 + .26 

35 1 

IE 

6.7 

9.60+ .66 

7.16 + .36 

36 ! 

IE 

7.4 

5.88+ .36 

3.64 ± .02 

38 

IE 

6.6 

8.24+ .69 

4.36+ .29 

44 

lA 

7.1 

6.04 ± .30 

3.48+ .02 

43 

lA 

7.3 

7.00+ .30 

4.08 + .24 

31 

lA 

6.7 

6.76+ .38 

5.32+ .38 

41 

A 

5.9 

5.80+ .39 

3.20+ .23 

42 

A 

5.8 

5.44+ .40 

4.08 ± .01 

B5-6® 

E 

8.3 

13.72+ .52 

9,48 + .54 

A15-8e 

A 

5.9 

0.68 ± .02 

0.48 ± .02 


a Classes defined and illustrated in other reports (11, 12). 

^ Tochinai liquid (10) used, original pH 6.1, fiashs incubated 18 days in the dark at 
27.5'^ ±1.6^= 0. 

cUata from 20 plants in each case. Standard technique (10) used to obtain disease 
evaluations. 

Includes arithmetical means and standard error, 
e Included for ref erenee purposes. 

isolates from separate wilted plants from a naturally infested field. The 
isolates were grown on the differential agar medium and first grouped ac- 
cording to culture classes. They were then used to inoculate flasks of liquid 
and after 18 days the cultures were tested for pH values. Disease index 
(relative pathogenicity) was secnred through the use of standard technique 
(10) on the susceptible host, Bonny Best and the tolerant Marglobe. 
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The isolates in the E class produced strongly alkaline pH reactions of 
from 8.1 to 8.3, and pathogenicity indexes were uniformly high. The ES- 
class isolates produced pH reactions from 7.9 to, 8.1 with high but irregular 
pathogenicities. Such irregularities have been noted already (11, 12) as 
characteristic of the ES culture class. In both the IE- and lA-class groups, 
pH reactions were from 6.6 to 7.4, all so close to the neutral point as to 
suggest little variation between cultures. In these data, however, there does 
seem to be an indication that the IE cultures were slightly more pathogenic 
than the lA cultures. In the two A-class cultures pH reactions showed 
considerable acidity, being 5.9 and 5.8 and in these the pathogenicities were 
the lowest of any of the unknown cultures. 

Finally, it is of special interest to compare these data with those obtained 
on the two known strains, E5-6, which had been particularly studied and 
selected for its high pathogenicity, and A15-8, studied and selected for its 
mild disease effects : E5~"6 produced a pH of 8.3 equal to the highest pro- 
duced by any E or ES culture, and it had a pathogenicity on either Bonny 
Best or Margiobe that was slightly higher than the comparable reaction of 
any other strain of the organism ; A15~8 produced a pH of 5.9 that was simi- 
lar to the reaction noted for other A cultures, and it had much the lowest 
pathogenicities on both Bonny Best and Margiobe. The other A strains had 
pathogenicity indexes that, while they were low when compared with other 
strains, were at the same time considerably greater than A15--8. 

In general these data indicate that differences are unquestionable be- 
tween E and A cultures as regards appearance, changes produced in pH, 
and pathogenicities; the two intermediate types (IE and lA), as their 
names and cultural characters signify, are definitely between the extremes 
exhibited by the organisms that develop high pH and pathogenicity and low 
pH and pathogenicity; the intermediate types would appear to be signifi- 
cantly different from the A group on the one hand and either the E or ES 
group on the other. 

DISCUSSION 

Where certain phases of the work just presented have necessarily paral- 
leled the investigations of others, Le., Sherwood (9), Scott (7),. White (13), 
Pritham and Anderson (5), and Luz (3), comparisons of results show that 
they have not differed greatly beyond what might be expected, considering 
the variations in conditions and materials represented. 

The general shapes of the curves depicting change in mat weight and 
correlative variation in pH of culture medium over a period of time (Fig. 1, 
A and B) is in general agreement with similar findings reported by Luz (3). 
His curves were less regular than these, which indicates the probability that 
he used an isolate more unstable in growth character than either strain 
A15~8 or E5-6. Luz also noted the same reduction in pH of medium occur- 
ring during the first few days of growth as are indicated in figure 1, A. 
Pritham and Anderson (5) reported that they did not see such a change. 
In the present case this reduction in pH was observed a number of times 



284 


Phytopathology 


[VoL. 32 


and was always readily determined if the tests were made early enough in the 
incubation period* Neither Luz nor Pritham and Anderson grew cnltures 
that had end reactions (about pH 7.5 and 7.3) that w^ere quite as high as 
are indicated in figure 1, A (pH 8.7). This is not to be wondered at, how- 
ever, for, in neither ease, did the other experimenters work under the same 
conditions or with exactly the same materials as those of the present studies. 

Several workers have found that the tomato Fumrimn produced maxi- 
mum amounts of growth at two separate points of H-ion concentration, with 
a considerably smaller amount between these points. Such results have led 
to the term ^^bimodal phenomenon” in this connectioii. This was believed 
by Scott (8) to be attributable to the isoelectric point of the fungus myce- 
lium, which he found was about pH 5.4. There has been considerable 
divergence in results among workers with regard to the pH value at which 
the lowered point between two maxima of growth occurred: Sherwood (9) 
noted in one experiment that the maxima were on either side of a minimum 
of pH 7.8 to 8.2 ; in another experiment this minimum came at 6.6 to 7.0; 
Scott (7) concluded after a number of experiments that the organism pro- 
duced one maximum at about pH 4.5 to 5.3, a much reduced growth at 5.3 
to 5.8, and a second maximum at about 5.9 to 6.9; White (13) said t^all 
strains showed a double maximum,” the first maximum varying wuth strains, 
but most generally at 4.0 to 5.5 and was followed by a niinimum at pH 
5 to 7, with the second maximum at a point above pH 7”; Pritham and 
Anderson (5) presented a curve that showed two maximum points with 
between them a reduction of growth at a little above pH 7.0. 

In the results here presented (Pig, 1, and Tables 2, 3 and 4), no ^^double 
maximum” was demonstrable, if relatively stable strains (A15--8 and E5-6) 
were studied separately in culture series. When, however, these were 
mixed and used as inoculum, striking irregularities in mat weights devel- 
oped, which might well be interpreted as of ‘‘bimodal” nature, and perhaps 
even typical of the organism, were it not known that the inoculum con- 
sisted of a mixture of strains differing in cultural characteristics. In addi- 
tion, data from a number of other cultures from unstable strains resulted 
likewise in marked irregularities, due apparently to saltations, that would 
fit well into the bimodality concept. Eeduetions in growth, so-called mini- 
mum points between maxima, were found in the present studies at around 
the following pH reactions : 4.2, 4.5, 4.5, 5.5, 6.1, 6.1, 6.1, 7.1, 7.7, 7.7, and 
7.7 to 8.4, and such variation compares well with the differing reports of 
others mentioned above. Reports of double maxima may signify that the 
experimenter has used a culture influenced by saltant action, which would 
in effect have been, therefore, a mixed culture. It also appears that the 
point of reduced growth between two maxima does not necessarily occur at 
the organism’s isoelectric point defined by Scott (8). 

White (13) experimented with pH effects on growth of 24 tomato 
Fusarium strains, and attempted to correlate cultural with pathogenic 
differences. His work is not strictly comparable to that here presented, 
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since lie described the characteristics of his cultures slants in 

test tubes 14 months after inoculation. It has been slio>y^j^ ( 12 ^ 22 ) that 
only by continual vigilance, with cultures in Petri dishes, and by repeated 
reselection at fairly short intervals, is it possible to be certain of main- 
taining continuity of growth class in the cultural history of isolates. Ee- 
cently refinements have been developed ( 10 ) in the te^|l|liq-^e used for 
testing relative pathogenicities of tomato Fusarium strains. White’s one 
experiment along this line was not conclusive, as he himself indicated 
and he found it difficult to correlate results of cultural studies with patho- 
genicity findings. In view of this and the later findings of Haymaker ( 2 ) 
and White’s own descriptions, it is fairly probable that many if not all the 
strains White worked with were actively varying, although this condition 
may not have been recognized. 

The studies herein reported add another method of indicating variation 
among strains of the tomato wilt Ftisarmm. Along with other growth re- 
actions, isolates may be grown in Tochinai liquid at about 27.5 ^ c. for a little 
more than 2 weeks, and then tested for pH. Judging from, these findings on 
pH reactions, the highest will be produced by the most ‘virulent cultures the 
lowest by the mildest cultures, and those of intermediate virulence will 
show intermediate pH values. In such tests it is necessary to use standard 
known, highly virulent, very mild, and intermediately Pathogenic strains 
along with the unknown cultures for comparison and evaluation of the data 
obtained. 

The investigator might well expect that a dark-colored^ appressed, and 
slimy culture from one source would be very different in physiological 
behavior from a white, woolly culture from another source. Such difference 
has been demonstrated in the ease of varying cultures, bo% from numerous 
separate sources and from only one source. It is of special interest, 
moreover, when it is recalled that appressed types are readily obtained 
from originally raised cultures, and that significantly M^her raised types 
may be secured from appressed cultures ( 12 ) . 

From data given in the present paper it is far from possible to know 
what is the basis for the higher virulence of Fusari%% cultures of the 
raised type in comparison with the mildly pathogenic appressed type. Any 
conclusions as to whether virulence is correlated witt either inhibition 
or more vigorous growth in culture must await further study At present, it 
would depend upon the criterion selected for comparison. For example: 
in liquids the virulent E5-6 strain produced much greater mat weight than 
the mild strain A15-8. The heavier growth by the virulent organism was 
quickly followed, however, by rapid loss in weight, probably because of 
autolysis. The mild strain, after reaching its greatest mat weight, was 
comparatively less affected by losses resulting from autolysis. On the other 
hand, on agar surf aces the mild strain covered significantly larger areas than 
did the virulent one. 
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SUMMARY 

Strains of tlie tomato-wilt Fusarmm that differ in pathogenicity are 
also different in their physiology, as indicated in certain pH relationships 
and relative amounts of growth. 

In liquid culture a highly virulent strain produced its inaximmn weight 
in 12 days, while a mild strain required nearly twice this period. The former 
produced the greater weight in liquid, but, on agar, the mild strain covered 
the greater area. 

In liquid media the maximum growth of the virulent strain was produced 
only at a pH of around 4,0, and of the mild strain only around 8.0. On 
agars both had approximately equal maximum points at slightly above 
neutral. In series of liquid media having a wide range of pH reactions, 
cultures inoculated with mixed mild and virulent strains produced maxima 
at two points, as did cultures inoculated with actively saltating, unstable 
strains. The virulent and mild strains changed the original pH reactions 
in different degree. 

When the culture liquids of a large number of isolates were tested for 
pH reactions and the pathogenicities of the organisms were determined, it 
was evident that under parallel conditions, virulent strains produced most 
alkalinity, mild ones most acidity, and those of intermediate pathogenicity 
developed reactions between the extremes. 

This paper also reports a new differential agar medium by which it 
was possible to separate with greater ease the variant culture types of 
the tomato-wilt Fusarium strains used in these studies. 

United States Department op Agriculture^ 

Bureau of Plant Industry, 

Division op Fruit and Vegetable Crops and Diseases, 

U. S. Horticultural Station, 

Beltsville, Md. 
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THE EFFECT OF TOBACCO-MOSAIC VIEUS ON CELLULAE 

EESPIEATION^ 

Maek W. Woobs AKB H. Gr . DuBby 
(Accepted for publication July 15, 1941) 

INTEODUCTION 

Viruses apparently do not respire when removed from contact with liv- 
ing snscept cells (1, 5). Whether viruses exhibit respiratory phenomena 
during their multiplication in living cells is not known. There is evidence, 
however, that multiplication of tobacco-mosaic virus protein {Marmor talaci 
Holmes) may be dependent on cyanide-sensitive respiratory catalysts of the 
cell (21). 

Viruses may represent the extreme in parasitic adaptation of organisms 
that have become dependent upon their hosts for essentially all metabolic 
functions, including respiration. On the other hand, it is also possible that 
viruses represent more or less altered proteins of ^^host^’ origin that are 
capable of some form of multiplication in various ^^susceptible’’ species. 
The source of energy for synthesis of virus proteins is an important con- 
sideration regardless of the view concerning their ultimate origin. One ap- 
proach to this problem is through a study of the relation of the virus to the 
specific respiratory systems of the cell. This paper presents data from such 
investigations. 

From the available literature it is not possible to determine whether the 
action of the virus on the respiratory systems consists of a primary chemical 
action or whether it is due to secondary morphological or physiological 
changes in the affected organ. 

Comparisons of respiratory activity in healthy and diseased tissues that 
involve samples from different individuals, or different leaves from the same 
plant, may lead to erroneous conclusions in this respect because of the wide 
variability in respiratory characteristics that often occurs in such cases. In 
the present study by use of half -leaf comparison techniques, variations due 
to genetic, morphological, or physiological differences between control and 
experimental tissues were practically eliminated. Approximately equal 
numbers of cells in the diseased and control samples were assured by the use 
of leaves that had either ceased or almost ceased growing. With these tech- 
niques it has been possible to demonstrate that tobacco-mosaic virus affects 
respiration both quantitatively and qualitatively, influencing the activity of 
particular respiratory components in a definite time sequence following in- 
oculation. These changes have been followed in single cells as well as in 
larger masses of tissue. 

MATEEIABS AND METHODS 

A single lesion strain of strongly mottling Marmor t abaci was used in all 

1 Scientific Paper Al. Contribution No. 1717 of the Maryland Agricultural Experi- 
ment Station (Department of Botany). 
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experiments, unless otherwise noted. In some experiments a yellow’’ mu- 
tant derived from the parent ‘ ‘ green strain was used. Inoculations were 
made by rubbing halves of fully expanded Nicotiand tabaeum Turkish leaves 
with a cheesecloth-covered spatula dipped in freshly extracted infective 
juice. The opposite half of the same leaf was similarly rubbed with a moist- 
ened sterile spatula to simulate the wounding injury of inoculation. Vigor- 
ous pot- or bench-grown plants were used in all experiments. Inoculations 
were made when the plants were 12 to 24 inches high but before development 
of flower buds. 

Leaf samples with an area of 1 sq. cm. were removed for respirometer 
measurements with a steel die. Only tissue lying between the secondary 
veins w^as used. Measurements of protoplasmic streaming were made in 
marginal epidermal cells of the leaf blade. With these techniques it was 
possible to measure oxygen uptake and protoplasmic streaming in the same 
leaf. One to 3 mm. of the mesophyll was always included in the sample to 
insulate the marginal epidermal cells from the injury attendant to cutting 
out the sample. These marginal cells are ideally suited to measurements 
of streaming, as they can readily be viewed under the oil-immersion lens, 
and present a large surface to the irrigating fluid from which they derive 
their oxygen supply. In measuring cyclotie rate it is extremely important 
to accurately control the rate of solution flow and to keep the tissue under 
generally uniform conditions. The cells under observation must be held 
firmly in place, be freely bathed with the irrigating solution, and not be sub- 
ject to mechanical injury. The apparatus developed by Aston^ (unpub- 
lished) was found ideally suited to this work and was used in all experi- 
ments reported here. Single cells were often kept under observation and 
in an active state of cyclosis for as long as 4 days. 

Measurements of virus concentration in experimental samples were made 
either immediately following their removal from the respirometers or the 
samples were stored at 3° C. for several hours before testing. The respirom- 
eter samples, after measurement of respiration, were ground up in water, 
then diluted (about 120 mg. fresh tissue per 3 ec. of water) and the ex- 
tract rubbed onto half -leaves of Nicotiama glutinosa or hybrids of it. The 
opposite halves of the same leaves were rubbed either with a similarly pre- 
pared extract from the control tissue or compared with a standard virus 
preparation (a similar dilution made from fully invaded Turkish tobacco 
leaves) . The number of necrotic lesions developed on the leaves of these 
hybrids was used as a measure of virus concentration in the samples. 

Oxygen uptake was measured in a polarographic microrespirometer, the 
tissue being immersed in a ground solution, as previously described by one 
of us (8) or in air in a modified Fenn (12) differential volumeter (each 
vessel 7.5 ec. capacity). In the former, significant determinations of oxygen- 
uptake could be made every 3 minutes on approximately 20 mg. of green leaf 

2 The authors wish to express their appreciation of valuable assistance rendered by 
Mr. Arthur Aston in design and construction of apparatus used in measuring protoplasmic 
streaming. 
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tissue (1 sq. cm.). Five to 7 similar samples were required to give signifi- 
cant measurements every 3 minutes in the Fenn respirometer. The formula 
for pressure and temperature correction, as given by Fenn (12, pp. 7-8) , 
was used in computing the actual oxygen uptake. Control and infected 
tissues were run simultaneously, i.e., allowed to ^^pull against each other.’' 
In application of the S.T.P, correction formula the slight error (less than 1 
per cent) resulting from reduction in pressui’e in the comparison volumeter 
due to respired oxygen was ignored. Oxygenuiptake measurements were 
made with the tissue in complete darkness to prevent evolution of oxygen in 
photosynthesis. Bates of oxygen consumption are expressed in micro liters 
per hour. 



Fig. 1. ^ Eelative rates of oxygen-uptake by bealthy tissues of three different full- 
grown Turkish tobacco leaves as measured in the polarographic mierorespirometer. 


EXPERIMENTAL 

Bespiration Systems in the Healthy Cell 
Measurements in the Falarographic Bespirometer. If measurements are 
made in the polarographic respirometer of oxygen uptake by healthy tissues 
of full-grown Turkish tobacco leaves, a compound curve is obtained. The 
results of 3 experiments are illustrated in figure 1. These curves represent 
the rates of oxygen uptake during progressive suffocation. It is evident 
that the rate of oxygen uptake by the tissue does not diminish in direct 
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proportion to the lowering of oxygen tension in the surrounding solution. 
Respiration first proceeds at maximnin velocity at the highest tensions of 
oxygen (first part of the time period), then suddenly (within 2 to 4 min- 
utes) shifts to an intermediate rate, which carries on until one or two more 
inflections, which result in the lowest rates of oxygen uptake. Further suf- 
focation results in a gradual reduction in oxygen respiration, which, if not 
relieved by aeration, finally results in death of the tissues. Treatment of 
leaves with KCN 0.008 molar, which also inhibited the peroxidase and cata- 
lase activity of the ground-up tissues as indicated by guiacum and hydrogen 
peroxide, respectively, reduces the rate of oxygen uptake of the living cells. 
Polar ographic measurements have shown that HCN inhibits those com- 
ponents of oxygen respiration responsible for the high velocities of uptake 
that occur at the higher oxygen tensions during progressive suffocation (Fig. 



Fig. 2. The effect of HCN on the respiration of healthy Turkish tobacco leaf 
tissues. Both samples were from the same leaf, oxygen-respiration being measured in the 
polarographic microrespirometer. 


2) . This is in accord with previous work on Avena coleoptiles (8, 14). 
Analysis of a large number of experiments indicated that at least 3 respira- 
tion components by their combined action enable maximum oxygen uptake. 
Three-step reductions in respiration rate during progressive suffocation 
were often obtained. Tissue from some leaves, however, failed to give clear- 
cut 3-step reductions or showed more than 2 inflection points (Fig. 1, curve 

3) . Measurement of such tissues in solutions saturated with pure oxygen 
revealed that diffusion of oxygen into the tissues was a limiting factor, for 
the increase in oxygen tension resulted in a marked increase in the maximal 
respiration rate. With the polarographic method some limitation in oxygen 
diffusion to the interior of the tobacco leaf probably alw^ays occurs. Such 
limitations make very difficult any accurate comparisons between healthy 
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and diseased samples at maximal oxygen consumption in tlie polarograpli. 
This difficulty is accentuated because of compensatory changes that develop 
in the respiratory catalytic systems that show a differential response to 
oxygen tensions. As will be pointed out below the multiplication of the 
virus results in a reduction in the activity of one of the cyanide-sensitive 
components of respiration that requires a high oxygen tension in order to 
function, and is followed by a marked increase in a cyanide-resistant com- 
ponent that is able to work at relatively low oxygen tensions. Thus, during 
progressive suffocation in the polarographic respironieter, the outer tissue 
layers of a diseased sample may exhibit a lower respiration rate than corre- 
sponding cells of the healthy leaf, whereas the interior cells of the infected 
sample may respire more rapidly than the corresponding healthy cells. This 
latter behavior is due to the increased activity in the diseased leaf of the 
particular respiration component able to function at low tensions of oxygen. 

In spite of these limitations the polarographic method proved to be of 
definite value because the results obtained indicated the existence of dif- 
erent respiration systems in tobacco separable by the teehniques of progres- 
sive suffocation and enzyme poisoning. It is possible to interpret all of the 
polarographic data in the light of results obtained from measurements of 
protoplasmic streaming and of oxygen uptake in the Fenn respirometer. 

Measurements of Protoplasmic Streaming. It has been previously deter- 
mined that protoplasmic streaming in tobacco leaf cells is oxygen-sensitive 
and responds to cyanide in about the same w^ay that oxygen uptake does 
(22). A further study was made in the hope that rate of streaming (cy- 
closis) might be used to more precisely determine the above-mentioned dif- 
ferent respiratory components in individual cells. Experiments have shown 
that the response of tobacco cells to suffocation (diminishing oxygen supply) 
and cyanide is essentially the same in both cyclosis and oxygen respiration. 
Three different oxidation components contributing to the rate of proto- 
plasmic streaming have been determined by progressive suffocation (Pig. 3, 
A and B). The first of these, the ‘^A component’’ ceases to function at a 
cei’tain oxygen level as measured by cyclosis, later a component” drops 
out, whereas at the lowest oxygen tensions protoplasmic streaming is ener- 
gized only by a component.” The A and B components also can be 
reversibly inhibited with NaCN or KCN (Pig. 3, A and B). Potassium 
cyanide, 0.0002 molar, is as effective as 0.002 molar in reducing the rate of 
streaming. The relationships between streaming and respiration, apparent 
from a comparison of figures 1 and 3, are particularly striking when mosaic- 
diseased and healthy cells are compared (Tables 1 and 2). The action of 
the virus results in the same characteristic changes in both. Repeated ex- 
periments have shown that the rate of protoplasmic streaming can be used 
as an index to respiratory activity in single cells. 

Measurements in the Fenn Bespirometer. Measurements of oxygen up- 
take by healthy leaf tissues in the Penn respirometer gave results that, in 
general, accord with those obtained by the polarograph or by protoplasmic 
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streaming determinations. With, the Fenn respirometer volumes employed 
(approximately 7.5 cc.) it was not possible to separate the A, B, and 0 
systems by auto-siiffocation. However, respiration inhibitors can be used to 
advantage. HCN inhibited from 40 to 50 per cent of the total respiration 




Fig. 3. A. Cyelotie analysis of a healtliy epidermal cell of Tnrkisli tobacco. The 
rates of protoplasmic streaming are recorded in microns per second. Solid line indicates 
rate during progressive suffocation and the dotted line behavior following treatment 
with NaCN. The rates of protoplasmic streaming due to the different respiration 
systems (A, B and 0) are indicated on the curve. B. Similar type of analysis of another 
healthy cell under conditions of more rapid suffocation, and using KCN as the inhibitor. 

providing certain conditions were realized (Fig. 5) . Preliminary investiga- 
tion demonstrated that cyanide-sensitive respiration in the interior of the 
leaf is inhibited in varymg degrees unless the stomata in both upper and 
lower epidermes are hept open, and excessive mechanical or other injury 
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TABLE 1. — Aetivities of oxidation components A, B and C in 8 pairs (healthy -in- 
fected) of epidermal cells of Nicotiana tahacum at various periods following inoculation 
with tobacco mosaic virus (Marmor tahaci) . Analyses based on measurements of inflec- 
tion points during progressive su'ffocation, Bach pair of cells represents typical cells from 
opposite sides of the same leaf 


Expt. 

No. 

Leaf 
half in 
which 
cell was 
measured 

Hours 

after 

inocu- 

lation 

Eelative 

amount 

hexagonal 

crystalline 

material 

Activity of oxidation components 
A, B and C (rate of cyelosis 
in microns per second) 

Tempera- 
ture in °0. 

ABC 

BO 

A 

B 

0 


GK. 



10.9 

5.6 

5.3 

1.5 

4.1 

27.5 

I 

INOO. 

77 


6.5 

5.6 

0.9 

1.8 

3.8 


OK. 



13.4 

6.9 

6.5 

1.8 

5.1 


9 



abnormal 






h-, 


INOC. 

80 

vacuoliza- 






27.5 




tion 

12.9 

7.6 

5.3 

2.5 

5.1 



CK. 



12.6 

8.1 

4.5 

1.9 

6.2 


9 

INOO. 

84 

* 


9.3 

0 

1.5 

7.8 

28,0 

A 

OK. 



11.5 

6.5 

5.0 

2.3 

4.2 



INOO. 

132 



11.3 

0 

2.2 

9.1 

27.0 


CK. 


i 

11.3 

7.0 

4.3 

1.4 

5,6 


0 

INOC. 

202 

* 


9.0 

0 

1.8 

7.2 

2/ .0 

a 

CK. 



13.2 

6.5 

6.7 

2.0 

4,5 


0 

INOC. 

215 

*** 


8.0 1 

0 

1.8 

6.2 

2/.D 

rr 

CK. 



15.0 

7.0 

8.0 

1.7 

5.3 

OQ A 

( 

INOC. 

218 

*** 


10.4 

0 

2.1 

8.3 


Q 

CK. 



13.2 

6.1 

7.1 

1.7 

4.4 


o 

INOC. 

293 

*** 


10.7 

0 

3.1 

7.6 

di i . 0 


a * == small amount of hexagonal crystalline material; ** = twice as much; ***= three 
times as much. 


TABLE 2. — Activity of cyanide-insensitive oxygen respiration in leaves of N. 
tahacum after inoculation with tobacco mosaic virus (all measurements made in Fenn 
respirometer ) 


No. of 
leaf 

Hours 

after 

inoculation 

Micro liters O 2 consumed 
per hour (samples 
approx. 120 mg.) 

Percent, 
increase 
in O 2 
uptake in 
inoculated 
half 

Test for 
virus in 
expt. 
samples 
(uninoc./ 
inoc.)^) 

Temp. 

during 

test 

in°C. 

Uninoculated 

half 

Inoculated 

half 

1. 

not inocul. 

120.8 (left) 

126.0 (right) 

dif.= 4.3 


27.5 

2. 

Bo 

40.6 (left) 

40.8 (right) 

dif . = 0.5 


27.4 

3. 

30 

53.4 

51.5 

- 5.5 

0/39C 

27.5 

4.a 

51 

62.0 

60.6 

- 2.3 

0/105C 

27.7 

5. 

92 

50.2 

50.2 

0,0 

31/634C 

27.6 

6. 

116 

62.0 

81.6 

24.1 

5/670C 

27.6 

7.' . 

123 

56.8 

67.0 

15.3 

0/844C 

27.7 

8. 

168 

56.9 

80.6 

29.5 

0/648 

27.5 

9. 

198 

92.1 

117.7 

21.8 

9/778 

27.8 

10. 

216 

25.6 

46.6 

45.1 

0/1915 

27.5 

11. 

218 

41.5 

49.2 

15.7 

3/1043 

27.7 

12. 

237 

15.3 

30.8 

50.4 

0/264 

28.4 

13. 

291 

66.5 

76.8 ! 

13.5 

11/649 

27.8 


a This sample run with closed stomata only, no HON was used. 

Number of local lesions developed on half leaves of N, gluUnosa hybrid, 
c Uninoculated and inoculated samples tested on different plants of the N. glutmosa 
hybrid. 
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TABLE 3. — Sates of cyelosis in epidermal cells extending from the yellow margin 

of a primary lesion of yellow mosaic into the normal-appearing area around the periphery. 
Cell position number one was nearest to the center of the lesion 


Position 

Mosaic-diseased cells 

Bate of cyelosis in microns 
])er second 

Healthy cells 

Bate of cyelosis in microns 
per second 


Before KON 

In KGNa 1 

Before KON 

.After KCNa 

1 

10.7 

11.1 

11.6 

4.4 

2 

10.2 

11.4 

11.3 

4.3 

3 

11.1 

8.7 

10.7 1 

4.1 

4 

8.4 

7.3 

9.5 

4.0 

5 

8.4 

6.5 

8.9 

3.9 

6 

8.1 

5.2 



7 

Not measured 

6.3 




Cells 1 and 2 are not tlie same cells as 1 and 2 in the first column, although they were 
in the same relative position with respect to the lesion. Cyanide actually caused a decrease 
in eyclosis, although much less inhibition occurred in the diseased cells. 


avoided. When leaf samples were removed about 6 p.m. and floated on 
water in covered Petri dishes, about 40 cm. from a 100 watt Mazda lamp, 
the stomata were wide open by the next morning. Samples so treated could 
be held in the dark for periods of to 2 hours without the stomata closing. 
Leaves treated in this way were the only ones that gave both maximal 
respiration and response to cyanide. 

As a result of, studying oxygen respiration with the 3 techniques de- j 
scribed above it can be concluded that oxygen uptake in healthy Turkish [ 
tobacco leaves proceeds through the combined action of at least three sys- [ 


terns. The first of these, the system’’ is very labile, being readily 



4. Living tricbome from leaf margin of Xicotiana tahacum Turkish infected 
with the ^ ^ green strain of Marmor tabaci Holmes. Hexagonal protein crystals, O j 
nucleus, N; intracellular body body'^), X. Approx, x 2,000. 
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is less labile, but can be blocked by cyanide or further reduction in oxygen 
tension. The third, or system’’ is the most resistant to suffocation and 
is not directly blocked by cyanide. Furthermore, in young leaves, the cya- 
nide-sensitive systems are more active than in older leaves, sometimes con- 
stituting over 80 per cent of the total respiration. 

The Effect of Tobacco Mosaic Viims on the A, B, and C Systems 

The first respiratory symptom of infection with Marmor tabaci is a re- 
duction in activity of the A system (Table 1). This effect can be detected 



o 

ir 



TIME IN MINUTES 

Fig. 5.. Oxygen uptake in mosaic-diseased and kealtky Turkish tobacco leaf tissue, 
91 and 168 hours after inoculation. ii:^erimental samples each consisted of 6 square 
centimeters (approximately 120 mg.) of tissue. Differences in oxygen uptake between 
the diseased and healthy samples are plotted. The absolute rate of oxygen uptake in 

morfl •nAT* TiAm* i® inrliAQ'hArl irt •ftomfA 
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by cyclotic ineasiiremeiits in individual cells 72 hours, or less, after inocula- 
tion. It becomes manifest just before or shortly after the development of 
the first intracellular hexagonal protein crystals. These crystals are posi- 
tive evidence of cellular infection by the virus (Fig. 4) . For a detailed 
description of the cytological changes following mosaic infection, see 
Dufreiioy and Dufrenoy (10). The C system is not changed in activity 
until the A component is inactivated. Measurements in the Fenn respirom- 
eter have not given positive evidence of reduction in activity of the A sys- 
tem before 91 hours after inoculation (Fig. 5). Figure 5 shows a 53 per 
cent reduction in oxygen uptake in the presence of cyanide 91 hours after 
inoculation without apparent change in the cyanide-resistant system. Mea- 



Fig. 6. The effect of Marmor tahaci Holmes on cyanide-resistant oxygen respiration 
in Nicotiana tabacum Turkish. The relative virus concentration has been plotted against 
the cyanide-resistant respiration in the same samples. Respiration is expressed as oxygen 
uptake by the diseased tissue in excess of the healthy tissue of the same leaf. 

surements made with the cyclosis technic in a number of cells from leaf 
margins 48 to 72 hours after inoculation indicate that the reduction of 
respiration in individual cells may occur within 48 hours or less. It is be- 
lieved, however, that inactivation of the A system occurs only after develop- 
ment of large quantities of virus. This is borne out by the relationship 
exhibited to formation of the hexagonal crystals, which probably indicate 
a high virus titre (2). 

The activity of the B and C systems following infection are illustrated 
in table 1. It can readily be seen that 84 hours after inoculation there is 
a large increase in the activity of the C system. Apparently, there is little 
or no significant change in the activity of the B system. The relation be- 
tween the approximate curve of virus multiplication and increase in activity 
of the C system as measured with the Fenn volumeter is shown in figure 6. 
It is evident that the change in the C system does not occur until a FtAv xrirn« 


298 


Phytopathology 


[VoL. 32 


multiplication lias practically stopped. The increases in oxygen uptake by 
the C system are easily demonstrated in the Fenn respirometer by making 
determinations in the presence of HON (Table 2, Fig. 6). These increases 
in oxygen uptake by the 0 system parallel increases in activity of the C sys- 
tem as measured by protoplasmic streaming (Table 1). 

The progressive increase in activity of the C system can also be demon- 
strated by measnring, cell by cell, the rate of protoplasmic streaming from 
the center of a lesion to the normal appearing peripheral areas (Table 3). 
In this ease the epidermal cells over the yellow lesioned area were extremely 
resistant to cyanide, whereas the more recently infected cells, further from 
the periphery of the visibly affected area, behaved more like normal cells. 

In another test involving the ^‘yellow strain of the virus, the average 
rate of cyclosis in 5 infected cells was 8.5 jj per second. Following treat- 
ment with KCN the average rate was 5.7 jj. In 5 healthy cells of the same 
leaf the respective values were 10.8 and 3.8 jj per second. In a third test, 
197 hours after inoculation, 5 infected cells exhibited an average cyclotic 
rate of 9.2 p per second and 5.4 |j per second following treatment with 
cyanide. Corresponding data for 5 healthy cells of the same leaf were 
10.7 jj per second and 2.4 [j per second, respectively. The general effects 
of the ‘^yellow strain’’ on cellular respiration are similar to those produced 
by the parent green” virus. 

The first macroscopic symptoms of infection (chlorophyll destruction) 
with either the green” or yellow” strain of the virus usually appeared in 
the inoculated leaves 48 to 96 hours after inoculation. The ‘ ^ green strain ’ ’ of 
Marmor tal)aci produced very faint yellowish-green primary lesions in in- 
oculated leaves, whereas the yellow strain” produced very definite yellow 
local lesions. An increase in C system activity does not appear, to be a 
necessary concomitant of chlorophyll destruction, because the latter is some- 
times apparent before any change in the C system activity can be observed. 
In the early stages of infection with either virus cyclosis tends to become 
jerky and irregular, later stages concomitant with increases in C system 
activity are characterized by remarkable regularity and smoothness of proto- 
plasmic streaming, together with the disappearance of larger cytoplasmic 
granules. 

In some leaves cyclosis in both healthy and diseased cells shows a secon- 
dary poisoning effect with cyanide that is entirely distinct from ordinary 
reversible partial inhibition of protoplasmic streaming. When present this 
auto-inhibiting effect in the presence of cyanide is much more marked in 
diseased than in healthy cells. In these peculiar cases treatment with 
cyanide for 30 to 60 minutes results in accumulation of some substance or 
substances highly toxic to the C system. This phenomenon, which is of only 
occasional occurrence, will be the subject of a later paper. 

DISCUSSION 

Aerobic respiration of tobacco leaves involves both cyanide-sensitive and 
cyanide-resistant systems of eatalysts. Similar systems have been demon- 
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strated for the respiration of other phaiierograms (3, 5, 6, 8, 13) . While it 
has not been proved, cyanide-sensitive respiration of tobacco leaves (A and 
B components) probably is attributable at least in part, to the activity of a 
cytochrome oxidase-cytochrome system. At present it is not possible to 
state the fundamental difference between the A and the B components, 
although they can be separated by varying the oxygen tension. During 
respiration at low oxygen tensions, or in the presence of cyanide, molecular 
oxj^gen may enter the process through the re-oxidation of the alloxazine 
nucleotide which is a cyanide insensitive respiratory enzyme (15, 16, 17). 
Thus our C system would correspond to the complex of dehydrogenations 
and hydrogen transfers extending from the substrate to the final donation 
of hydrogen by the reduced alloxazine nucleotide to oxygen. In the ab- 
sence of c^mnide, or, at an adequate oxygen tension, the cytochrome system 
with the corresponding dehydrogenases would bring about the re-oxidation 
of the alloxazine nucleotide, and oxygen would be ‘^activatecV’ by cyto- 
chrome oxidase, thus accelerating the acceptance of hydrogen. Under these 
conditions a more rapid uptake of oxygen would occur and the greater sup- 
ply of energy would accelerate protoplasmic streaming proportionally (9). 
While this may represent a partial definition of the cyanide-sensitive and 
cyanide-resistant respiration systems in tobacco, experimental data on the 
exact chemical nature of higher plant respiration are too scant to warrant 
detailed conclusions. It is important, however, that certain respiratory 
systems in tobacco can be differentiated by the techniques of progressive suf- 
focation or cyanide treatment. DuBuy and Olson (8) have described simi- 
lar systems in Avena coleoptile using the polarographic respirometer and 
measurement of protoplasmic streaming. Marsh and Goddard (18) found, 
in mature leaves of carrot, only cyanide-resistant respiration and both 
cyanide-resistant and cyanide-sensitive respiration in young leaves. In 
Avena (8), however, the cyanide-sensitive system is always active, although 
it is greatly reduced in older plants. A similar situation occurs in tobacco. 

It has been variously reported that viruses stimulate, inhibit, or have no 
effect on the respiration of plants susceptible to them. Cordingley, et al. 
(7) have observed that mosaic-infected tobacco leaves resemble old healthy 
leaves in their carbohydrate and protein metabolism. These authoi’S sug- 
gested a possible lower respiration rate in mosaic-diseased leaves from their 
data for loss of carbohydrate. 

Caldwell (4) reported increased CO 2 output by leaves of tomato infected 
with aucuba mosaic. This was true in normal atmosphere or in oxygen. 
Caldwell and Meiklejohn, using thin slices of tomato stems in Barcroft res- 
pirometers (5, 6), found that inhibition in respiration produced by M/300 
cyanide w’^as of the same order in aueuba-mosaie-diseased and healthy tis- 
sues. However, it is suggested (5, p. 485) that . . the enzymes con- 
cerned in the preliminary stages of respiration were more active in virus- 
diseased than in healthy plants.’/ Dunlap (11) observed that leaves of 
3 umng tobacco plants infected with mosaic evolved more CO 2 than similar 
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healthy leaves. The reverse situation held in mature leaves. Dunlap 
worked with field-grown plants naturally infected with mosaic. Dufrenoy 
and Dufrenoy (10), in a physiological and cytologieal study of the tobacco- 
mosaic disease, found greater oxj^gen uptake in infected cells of old tobacco 
leaves than in apparently healthy cells; whereas, in bud tissues, there was 
a reduction in oxygen uptake of over 30 per cent following infection. These 
results can be harmonized with the data obtained in the present investiga- 
tion on the assumption that in infected buds the virus brings on an inhibition 
of cyanide-sensitive respiration system’’) without at first causing an 
elevation in the cyanide-resistant respiration (‘‘C system”). The increase 
in respiration occurring in old leaves could be accounted for on the basis of 
secondary increases in the relatively stable cyanide-resistant ^ ‘ C system. ’ ’ 

It is not possible to explain the variance between some of these reports 
and the present investigation, although differences in methods of sampling 
or in other techniques may be involved. The use of the half -leaf technique 
in conjunction with different micro methods for determining respiratory 
activity has eliminated many variables that in certain cases make interpreta- 
tion difficult. In fact, the protoplasmic-streaming technique allows measure- 
ment of respiratory activity in single cells. Moreover, it is a convenient and 
ra];)id method of assaying respiratory conditions in a tissue. 

The primary respiratory symptom of infection with tobacco-mosaic virus 
is one of inhibition. A secondary symptom is a stimulation of the cyanide- 
resistant portion of the respiratory mechanism. If in other investigations 
the metabolism of a healthy plant were compared with that of diseased 
plants in late stages of infection, and if no special precautions were taken 
to insure open stomata, it is possible that the oxygen tensions within the tis- 
sues were inadequate to allow full activity of all respiratory systems. Thus 
the sum total of respiration of the healthy tissue could consist of a small 
part of the A system activity plus the B and C components. In the diseased 
tissues it would consist of the activity of the B system plus that of an in- 
creased C system. This would give an apparent increase in respiration in 
the diseased tissues. While the virus affects the respiration systems of the 
suscept cell, these systems in their turn apparently affect the multiplication 
of the virus, as shown by our data. This multiplication apparently depends 
upon a cyanide-poisonable component of the cell (21). Recent work with 
gaseous cyanide (Woods, unpublished) has further demonstrated the spe- 
cific and reversible nature of the inhibition of virus multiplication. The 
virus apparently reaches a high concentration before the ^^A system” of 
i-espiration ceases activity. Since the ‘‘B system,” which is also cyanide- 
sensitive, seems to be little affected by the virus and continues to function 
beyond the cessation of virus multiplication, it is possible that the A com- 
ponent, or something connected directly with it, is necessary for virus mul- 
tiplication. If the A system ultimately is inhibited or destroyed as a result 
of activity of the virus, the latter might thus bring about a condition pre- 
venting its own further increase. 
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A connection between certain oxidizing enzymes and virus mnltiplication 
already lias been indicated by Woods (18, 19, 20) who has called attention 
to the relation of cellular oxidases and peroxidases to virus diseases of plants. 
While it is unlikely that the virus protein is, itself, of the nature of a peroxi- 
dase, there probably are fundamental relationships between multiplication 
of this protein and specific oxidizing mechanisms of the cell, as Woods indi- 
cated a number of years ago. 

SUMMARY 

Oxygen respiration in healthy Turkish tobacco leaves is accomplished 
by both cyanide-sensitive and cyanide-resistant systems of catalysts. The 
energ}^ for protoplasmic streaming is derived from these respiration eata- 
l^^'sts. Bate of streaming can be used as an index to cellular respiration. 

There are two cyanide-sensitive systems, separable from each other 
by means of their critical oxygen tensions these have been arbitrarily 
designated as the A and B systems. The third or system’’ is resistant 
to cyanide and continues to function at lower oxygen tensions than either 
the A or B components during progressive suffocation. 

Infection with tobacco mosaic yitw {Marmor tabaci H.) results in an 
inhibition in the A system 48 to 72 hours after infection of the cell. The 
B system apparently is not affected, but the C component is greatly increased 
in activity following inhibition of the A component. 

The inhibition of the A system apparently occurs only after develop- 
ment of a high concentration of virus, and such inhibition of certain respira- 
tory components may be the factor preventing further multiplication of the 
virus protein. 
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INTRODUCTION 

Bacterial necrosis of the giant cactus {Carmgiea gigantea Britt, and 
Rose {Cereals giganteus Engelm.)), long present in southern Arizona, is a 
serious, hitherto undescribed^ disease. Its recent encroachment on cactus 
parks and privately owned estates has made necessary the investigational 
work described in this paper. 

IMPORTANCE 

Bacterial necrosis has been observed in an area 200 miles broad, north 
and south, by 250 miles long, east and west. The disease is particularly 
destructive near Tucson, in Picaeho Park, and near Maricopa; it occurs 
between Sacaton and Chandler, northwest of Phoenix, westward to Yuma, 
and along the Ajo highw^ay from Tucson to the Mexican border. The malady 
varies in severity in different forests of giant cactus. For example, plants 
killed by necrosis plus living cacti with visible infection, on five 1-acre 
tracts in the Saguaro National Monument, amounted to 21, 0, 0, 4, and 18 
per cent, respectively. The percentages on 3 similar tracts in the Santa 
Catalina foothills were 33, 13, and 9, respectively. 

The figures on mortality and infection become serious when the com- 
paratively rapid disappearance of the fallen fleshy cacti is considered 
together with the probability that many plants in the earlier stages of 
infection are missed in field reconnaissance. Most deaths counted probably 
occurred within the past 2 years, and many cacti in the forests studied 
are certainly condemned to death within a short time. Pew seedlings are 
coming on to replace the dead and dying plants. It appears possible that 
bacterial necrosis may explain some growths of giant cactus in southern 
Arizona that are apparently on the way out (Pig. 1, IS). 

Bacterial necrosis is important economically, as well as botanically. 
The cactus that it destroys is an attractive feature for the many tourists 
that annually visit Arizona, and financial income from such visitors is 
greater than the income from many other sources. The disease has already 
invaded the estates of wealthy citizens who spend the winter in southern 
Arizona and whose requests for information on the necrosis have stimulated 
our studies. 

1 A brief note by Dr. Eorrest Sbreve of the Carnegie Desert Laboratory may have 
reference to bacterial necrosis : ^ ' When struck by lightning or wounded in any other manner 
during the dry season, it (the giant cactus) recovers very rapidly by the formation of a 
heavy callus over the wounded spot. If it is wounded in the rainy season, however, bac- 
terial decay sets in very rapidly and a large plant may be destroyed in less than a week 
as a result of a small wound.’’ — -Erom Britton and Bose, The Cactaceac 2: 166. 1920. 
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Fig. 1. A. Destruction of giant cactus, Carnegiea gigantea, resulting from bacterial 
necrosis. B, Thin growth of giant cactus believed to be mainly due to necrosis. Cactus 
in right foreground is bleeding^' at top and base. C. Close-up of part of trunk 
of infected cactus with streams of bacterial ooze; new stream below knife point. D, B, 
Eate of progress of necrosis: D, giant photographed February 10, 1940, and F, same 
plant November 2, 1940. F. Spread of disease in group: one cactus broken, a second is 
leaning against another plant; the two remaining cacti are badly infected. Taken Feb- 
ruary 10, 1940. G. Group of cacti illustrated in preceding photograph. Taken November 
2, 1940. Spread of disease from one individual cactus to another. The decayed cactus 
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SYMPTOMS 

Tlie first symptom of the bacterial necrosis of Garnegiea is a small, 
circular, light-colored spot, usually with water-soaked margin, on the sur- 
face of the integument of trunk and branches. Underneath the surface 
discoloration the soft parenchymatous tissues (Fig. 2, A and B) become 
water-soaked after bacterial invasion and subsequently brown to almost 
black. As the infection progresses the spot enlarges and assumes a purplish 


Fig. 2. Necrotic spots, A, natural, and B, artificial. Note discolored broken surface 
at right and darkened internal tissues, left. Elongated vertical streak in A is an arti- 
ficial cut. 


hue. In cases in which the infection advances rapidly the central part of the 
spot breaks (Fig. 1, A and B) and a brown liquid exudes. Rapid destruction 
of the tissues is then accompanied by bleeding” (Fig. 1, B, C, and H) but 
slower internal decay may proceed without exudation. The rotted tissues 
dry, break up into granular to lumpy pieces and fall to the ground, leaving 
the wood fttpl a T* rids hare ^Fiio' T. A and 
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Necrosis may start anywhere on the trunk and branches. Where it 
girdles the columnar trunk near the base, the plant is so weakened that the 
latter easily breaks in a windstorm. Such broken giants are only too com- 
mon in the forests studied (Fig. 1, A). Decay at the top of the trunk leaTes 
the woody ribs of the stele there exposed. Eotting on one side is followed by 
the leaning of the trunk toward that side (Fig. 1, F). Girdling of large 
branches at their bases causes the branch to sag and break off. Eventually 
the giant falls or, if it remains erect, the infected parenchyma disintegrates, 
exposing the bare woody skeleton. The necrosis kills quickly, often 
within 2 or 3 weeks, and in the course of a few months the affected 
tissues are almost completely broken down (Fig. 1, E and G). 

histologic and cytologic changes 

Direct histologic and cytologic changes resulting from infection are 
limited to the integument (cuticle-covered epidermis and thick- walled 
hypodermal cells) and the underlying parenchymatous tissues, both within 
and without the stele. The drying, cracking, and discoloration of the 
cuticle-covered epidermis and the hypoderma have already been mentioned. 
The chlorenchyma loses its chlorophyll, becomes water-soaked and discolored 
brown to black ; all other parenchymatous tissues likewise show water-soaking 
and discoloration. Finally, the soft tissues break down (Fig. 3, A and B) 
into a dark colored, almost odorless liquid unless slow destruction affords 
time for drying. 

Cytologic changes affect the entire parenchyma cell. The wall loses its 
middle lamella by dissolution of the latter (Fig. 4, H, I, and /), so that the 
cells in transection appear to have a double wall separated by a narrow, 
more or less irregular space instead of a single, continuous wall. In other 
cases the unequal dissolving of the middle lamella leaves numerous cavities 
(Fig. 4, 7) in the lamellar region. The remainder of the wall eventually 
becomes soft and irregular in outline (Fig. 4, 7), jP, and J). The disinte- 
grating wall is not uniform in consistency, as shown by more persistent 
fibrous streaks (Pig. 5, A to 7) ) in its mass. Quite early in the infected 
tissues nuclear changes are evident ; the nuclear membrane becomes thickened 
(Pig. 4, 7) and E) ; the nucleoplasm loses its reticular aspect (Pig. 4, G to (?) 
and becomes more or less homogeneous and retentive of stains. The nuclear 
mass may be considerably increased in bulk and the nuclear outline irregu- 
lar and wrinkled ; shrinking and disintegration follow. The nuclei of 
chlorenchyma cells become surrounded with chloroplasts (Pig. 4, E) that, 
like the former, assume an increased avidity for certain stains. The chloro- 
plasts finally shrink and disappear. 

The node of disintegration of the cell wall in bacterial necrosis deserves 
special emphasis in view of recent mierochemical investigations (1) in 
^vhich the walls of plant cells have been.observed to consist of fibrils held to- 
gether by a pectic substance. The fibrils are microscopic elongated particles 
of cellulose joined end to end. This fibrillar structure is evident in the 
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disintegrating cell walls in the giant eactns. Swelling of the pectic matrix 
(Fig. 5j B and C) separates and somewhat disarranges the fibrils. Dis- 



PiG. 4. Nuclear and cell wall studies. A and B. Normal nuclei and adjacent i}ai'ts 
of cell wall. C. Nuclear reticulum lost; nucleus shrunken; wall somewhat swollen. D. 
Nuclear membrane thickened; wall considerably swollen and softened. j&. Nucleus of 
chlorophyll cell with thickened membrane and with chloroplasts clustered around it. F. 
Disintegrating nucleus and much swollen cell wall. Q. Later stage in disintegration of 
nucleus and in swelling of cell wall. H, Part of wall with middle lamella dissolved and 
cavities in outer layers of the wall. I. Later stage in dissolution of cell wall. J, Part of 
swollen cell wall with bacterial action in progress. All drawings made with camera lucida, 
X1159. 

solution of the middle lamella is usually first noticed, followed by the 
rapid breakdown of the matrix and less rapid dissolution of the fibrils. 
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Eventually, only a little of the wall remains (Fig. 5, D). Although like 
destruction of the walls of plants by a saprophytic soil bacterium has been 
described (2), similar stages in the disintegration of the walls of living- 
plants through the action of parasitic bacteria appear to have been over- 



Fig. 5. Photomicrographs. A. Piece of swollen wall showing cellulose fibrils and 
pectic matrix. B. Fibrils separated by swelling of matrix. C. Later stage in swelling 
of cell wall, in center ; wall above and below is almost gone. D, Last stage in decomposi- 
tion of wall. B. Groups of the bacterium of necrosis. A, B, 0, P, apxoroximately X 1200. 
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looked by plant patbologists. They should be found in studies of the 
vegetable rots. 


BACTERIOLOGICAL TECHNIQUE 

, # 

Cubes of the diseased tissues of the giant cactus approximately 5 nxm. on 
a side were cut out aseptically and either placed directly on agar slants 
or immersed in mei'curic chloride solution (1: 1000) for 1 min, before cul- 
ture on agar. Some pieces of the tissues were incubated at room tempera- 
tures (22“37° C.) and other pieces at a constant temperature of 26° C. 
The pieces sometimes gave bacterial growth in 15 to 24 hr, but usually only 
after 3 or 4 days. Although stained samples of the colonies directly obtained 
from infected tissues often showed only one morphological form of bac- 
terium, segregation by Koch’s method (5) and by streak culture (4) was 
employed. Prom the resulting colonies of bacteria transfers were im- 
mediately made to potato-dextrose yeast-infusion agar and, from the latter, 
dilution plates were again poured. The pure cultures of bacteria thus 
obtained were identical, one culture with another, and also with pure cul- 
tures usually given by carefully surface-sterilized blocks of infected cactus 
tissues. 

The bacterium from the necrotic tissues was cultured on 15 different 
kinds of solutions used as sources of carbon. For this work Dunham’s tubes 
were used, each tube containing 10 cc. of nutrient broth, 0.5 per cent of the 
desired, separately sterilized carbon source, and 0.5 cc. of 0.4 per cent phenol- 
red solution. In addition, media consisting of 1 per cent and 2 per cent 
peptone-dextrose and 2 per cent peptone-levulose, respectively, in distilled 
water, were seeded with the bacterium. Other media commonly used in 
bacteriological laboratories, such as litmus milk, gelatin, lead acetate agar, 
plain nutrient broth, Uschinsky’s solution, and malt-extract broth were 
employed in testing the bacterium from the necrotic giant cactus. 

CHARACTERISTICS OP THE BACTERIUM 

The baeterium (Uig. 5, E) that causes necrosis of the giant cactus is a greyish-white, 
actively motile, (15-24 hr., agar slants) peritrichiate (8), Gram positive (6), non- 
sporiferous, very slowly gelatin-liquefying (20° C.), nitrate-reducing, non-milk-curdling, 
aerobic short rod with rounded ends, occurring singly or in pairs, growing on the surface 
of agar poured plates in the form of round, slightly raised, smooth, grey- white wet-shining 
colonies having an entire, well-defined margin. Nutrient broth gave abundant growth. 
In IJsehinsky^s solution growth was moderate, liquid turbid, a slight ring appeared at the 
surface, and sediment was viscid upon agitation. Litmus milk was slightly pink or re- 
duced with no curdling. There was no noticeable odor in any of the media. Acid and gas 
with abundant growth were produced with the following sources of carbon: arabinose, 
dextrose, galactose, levulose, maltose, sucrose, rafiinose, mannitol, and salicin. For the 
bacterium is proposed the name Erwinia camegieana Standring n. sp. 

INOCULATIONS 

Needle inoculations with Erwinia carnegieana n. sp. from numerous 
cultures, hypodermically made into trunk and branches of the giant cactus 
gave a straw-colored surface discoloration, like that observed in the field, 
in 3 days ; in 5 days the spots were reddish-purple around the needle 
puncture, with a band of pale-yellow beyond; in 11 days the spreading 
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spots had a water-soaked margin. Internally, the parenchyma (Fig. 2, B) 
was water-soaked and brown to black, again like the change observed in 
nature. Sections of living and of killed, stained tissues from artificially 
inoculated giant cactus presented the same pathologic picture of histologic 
and cytologic changes previously described in this paper for the tissues of 
plants naturally infected in the field. From the artificially inoculated 
tissues was recovered the bacterium originally isolated from naturally 
infected tissues of the giant cactus and inoculated into the healthy plant. 

literature review 

No reference to a bacterial necrosis of the giant cactus, excepting the 
previously cited note, has been found in literature. At least two bacterial 


TABLE 1. — Comparative characteristics of B. cacticidus^ B, cactivorum, and B. 
carnegieana 


Character 

Bacillus cacticidus 

Bacterium 

cactivorum 

Erwinia carnegieana 


Liquid Solid 

Liquid and solid 

Liquid and solid 

Shape 

Rods 1 Coccoid 

Rods 

Rods 

Size 

1.3 [jL X 0.8 p, 0.8 jx in di- 
ameter 

1.5 p. X 0.8 p 

1,12 p-1.79 p X 
1.56p-2.90p 

Grouping 

Singly or in pairs 

Not in chains 

Singly or in pairs 

Motility 

Active 

'^Mobile’' 

Active (flagellate) 

Gramms stain ... 

Negative 

Positive 

Positive 

Color 

Dirty white to yellow 

Not reported 

White 

Capsule 

None 

Not reported 

Present 

Spores 

None 

None 

None 


TABLE 2. — Beactions^ of B. cacticidus (4), B. cactivonm (7), a7id B. carnegieana 
n. sp. 


Media 

Bacillus 

cacticidus 

Erwinia 

cai'negieana 

Media 

Bacterium 

cactivonm 

Erwinia 

carnegieana 

Acid 

Growth 

CO 

d 

o 

Acid 

Growth 

Gas 

Acid 

Growth 

CO 

d 

Acid 

Growth 

CO 

d 

O 

Arabinose ... 

0 



X 

4 

3 

Peptone -dex- 







Dextrose 

X 



... 

... 

... 

trose, 1% ... 

... 

0 

... 


.,4 

4 

Galactose ... 

... 



X 

4 

3 

Peptone-dex- 







Levulose 

... 



X 

4 

3 

trose, 2% ... 


0 

... 


4 ■■ 

3 ■ 

Lactose 

0 



0 

3 

0 

Peptone-levu- 







Maltose 

0 



. X 

4 

4 

lose, 1 % ...... 


0 

... 

... 

4 

4 

Sucrose ' 

X 



X 

4 

4 

1 Peptone-ievu- 







Dextrine 

.... 





... 

lose, 2% 


0 


... 

4 

3 

Inulin 

... 



6 

3 

0 

Malt broth ...... 

. X 

3 

i ' X 

0 

3 

0 

Melezitose ... 






... 

... 








Raffinose 




X 

4 i 

3 








Duleitol 

0 





... 




1 




Glycerol 

... 



^ 0 

4 

0 




1 ■ 




Inositol 

... 



: ^ 

4 

0 








Mannitol 

X 



; X 

4 

4 








Salicin 

: X 

i 

i ■■■ 


X 

3 

1 









a 0 = negative 5 :x = positive; 1, 2, 3, 4, = arbitrary designations of increasingly alnm- 
dant acid, growth, and gas production. 
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rots, however, are described that affect cacti belonging to other genera. 
One rot with symptoms somewhat like those occurring in Carnegiea was 
studied by Pasinetti and Buzzati-Traverso (7) in Gephalocerem se7tiUs in 
Italy. The rot was attributed to a bacteinuni isolated from the decaying 
tissues and pi’oved pathogenic by inoculation; it was named Bactermm 
eactivorum Pasin. et Buzz.-Tr. sp. iiov. The second rot, investigated by 
Johnston and Hitchcock (4), was found in flat opuntias growing in Florida. 
Prom the sick plants was obtained a bacterium pathogenic by inoculation in 
7 species of prickly pear. This bacterium was designated Bacillus cacf kklm 
J ohnston and Hitchcock n. sp. A summarized comparison of the two bacteria 
with the bacterium from the giant cactus is given in tables 1 and 2. 

DISCUSSION 

The rot of Cephalocereus se^iilis described (7) by Pasinetti and Buzzati- 
Traverso is characterized by symptoms not unlike those of the necrosis of 
the giant cactus. In both diseases a dark discoloration accompanies the 
softening of the infected tissues. The decay in Cephalocereus, however, 
spreads so constantly from the base of the plant toward the apex that it 
has been termed ‘‘humid basal rot^^ ; in Carnegiea the rot proceeds from the 
infected spot in any direction that the parenchyma makes possible. Nor 
does the description of the pathogen, Bacterium eactivorum, agree with that 
of the pathogen, Erwinia carnegieana. The former, much smaller organism 
grows neither in peptone-dextrose nor in peptone-levulose and forms gas in 
malt broth ; the reactions of the giant-cactus bacterium in those media are 
just the opposite. The limited extent of the reactions reported for Bac- 
terium eactivorum make further comparison impossible ; the data given for 
the pathogen are sufficient, we believe, to separate the two organisms. 

The rot of the genus Opuntia attributed to the activities of Bacillus 
cacticidus is still more unlike the necrosis of the giant cactus than the 
rot of Cephalocereus, although, so far as symptoms are concerned, they are 
both “wet” rots. The pathogen isolated from the infected opuntias is 
smaller than Erwinia carnegieana, coccoid on solid media, gram negative, 
and may become yellow. More than 30 inoculations of E. carnegieana into 
Opuntia spp., hypodermically made at different times, failed. Moreover, 
opuntias abound in close proximity to necrotic giant cacti, yet none affected 
by a similar disease has been observed by us in the groves of southern 
Arizona. These conflicting data appear to be sufficient to remove the 
pathogen from our consideration as the cause of necrosis of the giant cactus. 

Finally, the necrosis of Carnegiea and its pathogen, as well as the 
sueeulent nature of the host, remind the pathologist of vegetable soft 
rot and its cause, Erwinia carotovora. Both diseases affect parenchyma, 
both involve the dissolution of the middle lamella of the cell wall, both 
progress rapidly at high temperatures, and there are other similarities. 
However, the two pathogens differ in several respects,— -size, grouping 
in cultures, usual reaction to Gramms stain, in milk, and in some carbon-source 
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media. Cross-inoculation of the giant cactus with Erwinia carotovora gave 
negative results and numerous repeated inoculations of carrots and other 
hosts of the soft-rot organism with Envinia carnegieana were likewise nega- 
tive. 

SUMMARY 

A bacterial necrosis of the giant cactus (Carnegiea gigantea [Cereus 
giganteus] ) is killing varying numbers of that plant over an extensive area 
in southern Arizona. 

That the thinning of cactus groves now in progress may have been re- 
peated in the past and may have continued until the affected groves became 
sparse or actually disappeared is suggested. 

Macroscopic and microscopic features of the necrosis are described, also 
the cause, and a name is proposed for the pathogen. 

University OP Arizona 

Agricultural Experiment Station^ 

Tucson, Arizona. 
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PHYTOPHTHORA PARASITICA ON PAPAYA (CARICA PAPAYA) 

INHAWAIP 


G. K. Pareis 

(Accepted for publication June 25, 1941) 

INTRODUCTION 

111 March, 1940, a fruit- and stem-rotting disease of papaya was observed 
at Kahaluu and Kailua on the island of Oahu. At the f ormer locality the 
disease was attacking approximately 40 per cent of the trees in a 4-acre 
planting and causing the death of the bearing portions of some 25 per cent. 
At Kailua, less damage occurred. 

The cause of the disease was identified as Phytophthora parasitica 
Dastur, a diagnosis confirmed by C. M. Tucker.^ A survey of the literature 
revealed that no investigator has presented a complete picture of Phy- 
tophthora rot of the papaya plant, and in only a few cases have Koch’s rules 
of proof been applied to the causal agent. 

LITERATURE REVIEW 

Two species of Phytophthora have been reported attacking papaya in 
nature, P. parasitica (1, 11) and P. palmivora Butler (2, 3, 5, 6, 7, 8), and 
several unidentified species also have been recorded for this host. Tucker 
(10) determined the pathogenicity to papaya of a number of species of 
Phytophthora^ including the two mentioned above, and found that not all 
strains of the same species were pathogenic and that a difference in patho- 
genic virulence existed between different strains. Mehrlieh (4), Tucker 
(10), and Thung (11) showed that strains of parasitica would infect papaya 
only throiigh wounds, and most investigators agree that infection by 
palmivora also takes place through wounds. Gadd (2), however, found 
that wound-free papaya fruits were infected by strains of the fungus from 
papaya and from rubber, while strains from other plants produced infection 
only after wounding. 

symptomatology 

Morphologic Symptoms. The terminal leaves on a diseased plant droop, 
wilt, dry out, or become yellowed, and fall prematurely. Eventually, only 
a few under-developed leaves persist at the apex of the plant. Fruits on a 
diseased plant may, also, fall prematurely. These symptoms (Pig. 1, A) are 
not unlike those exhibited by papayas suffering from foot (collar) rot or 
root rot, caused by various species of PytMum, particularly P. ultimum Trow 
(9, 12). In Hawaii root rot is caused by P. aphanidermatum (Eds.) Fitz- 
patrick.® Collar rot is infrequently caused by Phytophthora parasitica, but 

1 Published with the approval of the director as Technical Paper No. 86 of the Hawaii 
Agricultural Experiment Station. 

2 Personal correspondence of December 19, 1940. 

sidentihed by J. T. Middleton,* personal communication. 
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tlie roots of the papaya have not been observed to be attacked and diseased 
plants are firmly anchored in the soil. However, it should be noted (Table 
1) that papaya roots are susceptible to the latter fungus, particularly when 
wounded. 

With the disease under discussion, the symptom complex on the aerial 
parts of the plant results from one or more stem cankers, usually located in 
the upper third of the length of the stem. In their initial stages the cankers 
are small, i to 1 in. in diameter, water-soaked, darker than normal, ovate to 
circular, and usually partly or completely covered with a whitish crust or 
mildew. The closely packed fruits on the stem of a bearing papaya tree 


Fig. 1. Papaya trees diseased with Phytophthora parasitica. A. Top of plant killed 
following severe infection of stem in fruit-bearing region. Ground beneath tree shows 
numerous mummified fruits. B. Close-up of cankers on stem of less-severely affected tree 
than shown in A; note that many fruits and leaves have fallen prematurely and that the 
remaining foliage i§ wilting. Several fruits show white patches of mildew, 

may hide the cankers for a while, but as the cankers enlarge, fruits in their 
vicinity are attacked and fall, leaving one or more portions of the stem con- 
spicuously bare (Fig. 1, B). The texture of a canker is rubbery, seldom 
soft; latex may or may not ooze from around the edges. With aging, the 
canker enlarges in both directions, but more rapidly along the length of the 
stem, until it may occupy an area of approximately 6—8" x 2'"-4". On a 
small plant, such a canker completely girdles the stem; on an older plant 
the stem above the lesion is seldom rotted or killed by the pathogen, but it 
is so structurally weakened that, in wind, it usually snaps off at the cankered 
zone., , , 


lABLE l.—Sesuits ohiained following hiooulation of wounded and unwomded papaya leaves, stems, fruUs, and roots with Phytophthora 

parasitica 


316 

‘C 2 

3 ^ 

O 

3 o ^ ?H 

; ^ 

tH 

1 1>\ 

1 

i 

iH 1 

Phy 

o 

TOPA^ 

CO o 

PHOLC 

: rH 

)GY 

i rH 

' 

1 

i o 

I 

1 

• ^ 

! 

O CO 

Tgl. ; 

i VO 

32 

t" 00 

.2 

•i-i 

O 

CJ 

Mild 

i rO 


■ 1.Q 

Ql : 

1 ^ 





; rH 

: ^ 

rH rH 


Severe 


IQ r-i 


tH t-t 


rH rH 

; ».0 

: ,*-1 




i hH 

■ b- 

o o 

rH rH 

Number of 
plants, or 
Xdaiit parts, 
diseased 

O CO 

ID tH 

O VQ 

CO tH 

O tH 

rH 

O VO 

lO V O 

o o 

O rH 

O rH 

rH VO 

O b- 

o o 

rH rH 

Number of 
Xdants, or 
plant parts, 
inoculated 

BO 

iO rH 

1 

lO 

cs 

CO, ?H 

>-Q iO 

lO rH 

VO VO 

VO VO 

VO VO 

VO VO 

1.'- rt^ 

CO VO 

o o 

rH rH 

o o 

rH tH 

With or without 
benefit of a 
moist chamber 
for 12 hours 

Without 

M^ith 

Without 

With 

IVithout 

With 

Without 

M^ith 

M^ithout 

With 

■Without 

With 

■Without 

IVith 

Without 

Math 

Without 

With 

Without 

wath 

Without 

With 

Without 

With 

43 

o 

rJ=t rd 

43 

'I , 

Without 

With 

fee 

^1 -+3 ^ 

o 5 .3 
,3 2'^ 

■ 5 S 

fe S p 

j ^ ^ 

Without 

With 

Without 

M^ith 

— 

Without 

With 

Without 

AVith 

AYitliout 

With 

-p 

P 

o 

g 

With 

Without 

5 

*r-l 

Point of 
inoculation 

Upi^er third 
of length 

Middle of 
length 

Lower third 
of length 

Upper surface 

Lower surface 

Root 

43 ^ 

• H 
,0 

■ 

Stem 

Leaf 


a Five of these six plants were iiiocnlatecl on wounds created by purposely breaking away a petiole of an old leaf, 
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As mentioned above, this disease infrequently causes cankers at the 
collar of the plant, that is immediately above the soil line. Here the organ- 
ism meets with more resistance than when the stem proper is attacked. 
Even though an appreciable area may be killed, the plant usually survives 
but shows a semi-open cavity filled with dry, coarse fibres — the shredded 
and digested tissues of the stem. Immature plants may succumb to the 
collai’-rot phase of this disease. 



Pig. 2. Papaya fruits diseased and mummified following field infection by FJiytopTi- 
thora parasitica. Note tlie mycelium of the fungus fruiting on the surface of the mum- 
mies. Mummies are one-third to one-fifth size of originally healthy fruits. 

Unlike the more common anthracnose rot of papaya fruits, caused by 
Colletoirichum sp. (probably C. gloeosporioides) , Phytophthora rot causes 
the fruit to slowly shrivel, harden, and turn grayish-green. The surface 
may show one or more patches of a whitish incrustation, reminding one of 
powdery mildew (Oidium sp.). The mummified fruits ultimately become 
brownish-black (Pig. 2), light in weight, and of a stone-like texture. Fruits 
of all ages may be attacked. 

Leaves were not observed to be diseased in the field, but were susceptible 
to artificial inoculation (Table 1), 

Histologic Symptoms. Mycelium in diseased fruits is both inter- and 
intracellular. In newly diseased fruits circular, thin-walled, densely proto- 




318 


Phytopathology 


[VoL. 32 


plasinic structures are found, sometimes attached to strands of mycelium 
(Pig*. 3, A) ; in mummified fruits, oval or irregularly rounded chlamydo- 
spores with thicker walls are present (Pig. 3, B, C). 

ETIOLOGY 

The cause of this disease is Fhytophihora parasiUca Dastur, which pro- 
duces its ovate, colorless, papillate, sporangia, attached to the host by short 



Fig. 3. Chlamydospores of Fhytophthora parasitica in tissues of diseased papaya 
fruits. A. In freshly diseased fruits. B and 0. In mummified fruits. In B the dis- 
organized host tissue is pictured. 

sporangiophores, on the surface of diseased parts. Placed in tap water at 
room temperature (27-28° C.), the sporangia germinate after the manner 
of la ThytoiMliora. One hundred sporangia from diseased fruits measured 
32.0-38.4 p by 22.4^25.6 p, closely approximating dimensions given by 
Tucker (10) for P. parasitica. This worker has reported P. parasitica, 
unlike P. palmivora, will grow at 35° C. pthougli it is significant to note that 
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Melirlich (4) found that certain strains of these species, isolated from pine- 
apple in Hawaii, could not be separated from each other by growth or lack 
of growth at this temperature. Held at 35.5 ±; 0.5° C. for 96 hours, the 
papaya isolate made no growth but the fungus was not killed ; replaced at 
room temperature, all cultures soon developed abundant mycelium. Tucker^ 
found that the Hawaiian isolate grew at 35° C. 

Pathogenicity. The fungus was isolated in pure culture from diseased 
fruits and stems, and papaya leaves, stems, fruits, and roots were inoculated, 
with and without wounding, and with and without benefit of a moist cham- 
ber for 12 hours following inoculation. Wounds on stems, fruits, and roots 
were produced by a sharp scalpel; a small portion of plant tissue was re- 
moved, mycelium from an agar culture inserted, and the tissue replaced. 
Leaves w^ere wounded by scarification with a needle. Following inoculation, 
plants were placed in a greenhouse w^here the temperature ranged from 
75° P. (night) to 90° P. (day). In no case did any check plant, wounded 
or not, become diseased. Inoculations performed and the results obtained 
are presented in table 1. When infection occurred, attempts were made 
to reisolate and identify the pathogen; in many instances this was done, 
thus completing Koch^s rules of proof. 

No infection of uninjured parts occurred unless the plant was kept in 
a moist chamber following inoculation. In the absence of a moist atmos- 
phere for a prolonged period, infection occurred readily when the fungus 
was introduced via a wound, except in the case of the lower surface of the 
papaya leaf where the concurrence of wounding and a high humidity was 
necessary for infection. 

Young stems were girdled in 7 to 9 days, and fruits were covered with 
sporangia in 10 and mummified in 30 days, after inoculation. The appear- 
ance of leaf lesions was typical of Phytophthora blights ; in 4 days the in- 
oculated areas were necrosed, but there was no subsequent enlargement. 
The lower surface was more resistant than the upper surface of the leaf. 
Inoculated leaves abscissed prematurely. Koot infection was relatively slow 
to affect the plant as a whole. After 2 to 2J weeks, the leaves of inoculated 
plants fell prematurely and the stem was anchored less securely in the soil 
than is normally the case. Subsequently, plants inoculated on the roots 
toppled over or could be easily uprooted. The tap root (inoculated) was 
softened and somewhat decomposed and few laterals were alive. These 
plants often died in another week to 10 days, but sometimes the plant 
slowly recovered and continued to grow with the stem in a semi-recumbent 
position. Inoculations at the collar produced a similar response. 

control 

Growers decapitate trees as soon as cankers appear on the stems, and 
collect and destroy diseased material. Decapitation saves time ; such trees 
produce fruits sooner than do replants. Sooner or later, a certain per- 

4 Personal correspondence. 
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eeiitage of the new shoots that develop are diseased, and the decapitation 
procedure is repeated. 

Spraying* the papaya plant with a copper fungicide undoubtedly would 
control Phytophthora rot, but, so far, no attempt has been made to protect 
the plants. Local data have shown that Bordeaux mixture causes russetting 
of fruits, burning of the young foliage and a stunting of the papaya plant. 
Ciiprocide 54r-Y causes no comparable damage. 


SUMMARY 

A disease of papaya (Carica papaya) in Hawaii, which causes hard rot- 
ting of fruits and cankers on the stem, is described. Diseased fruits fall 
prematurely and mummify, while cankered stems may be girdled and distal 
parts die from lack of water and nutrients ; or the stem may snap off in the 
wind at the cankered zone. Symptoms on the plant as a whole resemble 
those of root rot of papaya (Pythium spp.) ; but, in the field, the roots are 
not thought to be attacked by the cause of the disease, which is Phytophthora 
parasitica Dastiir. 

The fungus is essentially a wound parasite, though it will infect wound- 
free stems, fruits, roots, and leaves if the plant be kept in a moist chamber 
following inoculation. In a large number of instances the fungus was re- 
covered and identified from artificially induced lesions. 

Growers decapitate diseased trees, since beheaded plants produce fruits 
sooner than do replants. A copper fungicide probably will control the dis- 
ease, but has not been tried. Bordeaux mixture russets papaya fruits, burns 
young foliage, and stunts the plant ; Cuprocide 54-Y does not produce these 
harmful effects. 

Hawaii Agricultural Experiment Station, 

Honolulu, Hawaii. 
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THE EFFECT OF TEMPERATURE ON SYMPTOM EXPRESSION 

OP A ROSE MOSAIC^ 

Kenneth F. Bakee anbH. Earl Thomas 
(Accepted for publication July 7, 1941) 

The expression of symptoms of rose mosaic is recognized as being erratic 
under even favorable environmental conditions (2, 3, 9). Symptoms may 
be exhibited in some leaves or leaflets, while adjacent ones frequently are 
normal in appearance. It is practically impossible accurately to diagnose 
the disease in named varieties, growing outdoors, because of the mildness or 
lack of leaf symptoms and the presence of injuries from insects, fungi, 
chloroses, and genetical leaf markings (2, 3, 6). In rootstock varieties the 
situation in the field is even worse. There is no convincing evidence that 
field diagnosis of this mosaic in rootstock or bud varieties is possible on a 
commercial scale. 

Plants, apparently mosaic-free when growing outdoors, may develop 
striking symptoms when moved into the greenhouse ; but leaves formed after 
being returned outdoors will be normal. On April 4, 1940, 12 plants of each 
of 2 varieties. Peerless and Rome Glory, all of which showed typical symp- 
toms in the glasshouse, were pruned and defoliated before being moved out- 
doors. Positive symptoms were not shown by any of the abundant new 
leaves produced during the next 5 months. Two plants of each variety, 
handled similarly but kept in the glasshouse, continued to show typical 
symptoms. White (8) reported similar observations. 

Temperature is one of the environmental factors that may be involved 
in this difference in symptom expression outdoors and under glass. This 
relationship was investigated in studies reported in the present paper. 

MATERIALS AND METHODS 

Infected plants of the Peerless and Rome Glory varieties were selected 
in commercial greenhouses where they had been growing 2| to 3 months. 
These plants were placed in 10-inch pots and transferred to a greenhouse in 
Berkeley for 37 days to recover from transplanting shock. Each pot was 
mulched with well-rotted manure and, during the experiments, occasionally 
watered with a dilute solution of potassium sulphate and ammonium 
sulphate. 

The 12 plants of each variety that showed most conspicuous symptoms 
were transferred to 2 controlled-environment chambers^ for the experiment. 
In the 3 series of tests the atmosphere was held at a saturation deficit ap- 
proximately equal to a relative humidity of 70 per cent at 17° C, (^.e., 4.3 

1 This study is limited to tbe disease wMeb produces symptoms of tlie type commonly 
seen in greenhouses (2, Figs. 1 and 2; 3, Figs. 1, A, and 1, C; 6, Fig. Ij 9, Figs. 1, B, 
and 3, A). 

2 Equipment was elaborated and improved by Davis and Hoagland over that described 
in an earlier paper (4), and was kindly made available for these studies by the Division 
of Plant Nutrition, University of California. 
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g. water per cii. m. of air wonld produce saturation at 17° C.). The plants 
received no sunliglit, but were illuminated for 10 hours each day with 20 
24:4ncli fluorescent tubes inside each chamber, 13 being pink and 7 blue. 
Because growth was somewhat spindling under these conditions in the first 
series, supplemental illumination of 4 incandescent 300-watt bulbs with re- 
flectors was placed outside each glass-walled chamber during series 2 and 3. 
Duration of the daily light period also was 10 hours in these series. 

In series 1 the 2 chambers were held continuously for 37 da^^s at 17° and 
25° C., respectively. The latter temperature under these constant condi- 
tions was too high for good growth of these varieties and caused partial 
defoliation. However, plants from these 2 temperature tests showed ap- 
proximately equal growth in the next series. In series 2 one chamber was 
operated at 25° C. for the 10-hour light period and at 19° C. during the 
dark period. The other chamber was operated similarly at 18° day and 12° 
C. night temperatures. In series 3 one chamber was kept continuously at 
21°, while the other was alternated from 21° day to 15° C. night tempera- 
ture. The duration of the second series was 56 days and of the third, 62 
days. The plants were redistributed in the chambers at the beginning of 
the second and third series to compensate for possible effects of previous 
environment. However, no such effects were noted on either symptoms or 
growth. 

At the beginning and end of each series separate counts of mosaic and 
normal leaves, and measurements of growth were made on each shoot. These 
are presented in table 1 for each of the series. 


TABLE 1. — Effect of temperature on symptoms of rose mosaic in the Eome Glory 
and Peerless varieties 


Variety 

Sei 


Temperature (°0.) 

Shoot 

New’ leaves 

ies 

Night 

Day 

growth 

(em.) 

Number 

Mean per cent 
with mosaic^ 


1 

a 

17 

17 

124.0 

112 

44.53 

± 

5.24 



b 

25 

25 

165.3 

124 

36.48 

+ 

4.33 

Borne Glory 

2 

a 

12 

18 

146.1 

113 

26.79 

± 

4.58 


b 

19 

25 

356.3 

140 

40.38 


3.57 


3 

a 

15 

21 

442.0 

175 

13.58 

+ 

2.98 



b 

21 

21 

937.2 

349 

27.67 

+ 

2.76 


1 

a 

17 

17 

244.1 

137 

63.99 

± 

4.07 



b 

25 

25 

106.6 

89 

56.19 

+ 

6.37 

Peerless 

2 

a 

b 

12 

19 

18 

25 

200.5 

181.6 

179 
j 113 

18.27 

41.08 

+ 

± 

2.77 

5.23 


3 

a 

15 

21 

962.1 

266 

35.73 

± 

3.81 



b 

21 

21 

690.3 

! 200 

i 

51.53 

± 

3.69 


a Estimated standard error of the mean was computed by the formula, 


/piqi 


pnqn 

V mi 

ma 

ni„ 


in which n is the number of plants (6 in each ease), m the number of new leaves on a 
given plant, p the probability of a leaf showing mosaic symptoms, and q=:l-p. Since 
these true probabilities, p and q, are unknown for a particular plant, the estimates based 
on observations are the best substitutes for them. In this analysis p and q were expressed 
as the percentage of mosaic and normal leaves, respectively. 
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RESULTS AND DISCUSSION 

111 these tests Kome Glory exhibited consistently better growth at the 
higher of the two temperatures in each series, and Peerless showed better 
growth at the lower range, although the varieties were intermingled and 
grew under very similar conditions. Despite this dissimilar growth trend, 
there was definite consistency in the relationships of symptom expression 
and temperature exhibited by the two varieties. This suggests that the 
response to temperature is a result of action on the virus rather than on the 
host. Beyond the minimum requirement of production of some vigorous 
new leaves, there was no observed relation between vigor of growth and 
severity of symptoms exhibited. 

In series 1 the symptoms at 17° were strong and leaflets often were badly 
distorted, with conspicuous white markings ; those at 25° C. were less severe. 
In series 2 the symptoms in both varieties were definitely suppressed in the 
low4emperature chamber of 12° and 18° C. In the third series symptoms 
were likewise suppressed in the chamber at 15° and 21° C. Because the 
severity of the symptoms was observed to increase with the percentage of 
leaves affected in any given series, the latter numerical index of disease 
seveifity was used. 

Plants of the Peerless variety grown at 12° at night and 18° C. during 
the day, and those on a 15° and 21° C. schedule, had markedly lower per- 
centages of mosaic leaves than the plants grown at the other temperatures 
(Table 1). Eome Glory grown at a night temperature of 15°, and 21° C. 
during the day, had significantly lower percentages of mosaic leaves than 
those held at other temperatures, and the trend was the same for those on 
the 12° and 18° C. schedule, although the differences were not so great. 

There was considerable fluctuation in percentage of mosaic leaves in 
other seines, but the levels were higher than for the two series mentioned 
above. It is quite possible that, with larger populations of plants, a more 
definite optimum for expression of mosaic symptoms would be found, but 
the important point here is that unmistakable symptoms are produced over 
a considerable range of temperatures. The severity and incidence are re- 
duced conspicuously only by temperatures of 15° C. or less; but these 
temperatures apparently need not be continuous to be effective. 

Even under the carefully controlled environmental conditions of the 
series held continuously at a favorable temperature for symptom expression, 
there was no consistency in the distribution of leaves showing the disease. 
A given leaf adjacent to another that showed mosaic might or might not 
exhibit symptoms, and even companion leaflets were frequently dissimilar 
in this respect. The virus is either extremely sensitive to the micro-environ- 
ment of the leaf, an unlikely condition in view of the range of favorable 
temperatures, or some unknown factors in the physiology of the leaf or the 
movement of the virus are involved. 

The inhibiting effect of low temperatures on the mosaic may account in 
part for the usual absence of symptoms outdoors, but probably is not the 





Phytopathology 


[VoL. 32 


sole factor involved. Under coastal California conditions tlie temperature 
during the active growing season sometimes stays within the limits for ex- 
pression of symptoms for periods of 2 or 3 weeks, hut the disease is almost 
never seen in the field. 

Roses usually are grown commercially in glasshouses at temperatures 
of C. at night and, when possible, 20'^~25° C. in the daytime. 

These ranges are such that temperatures under glass would be almost con- 
tinuously conducive to expression of symptoms. For that reason it is pos- 
sible to identify vigorously growing infected plants with certainty in the 
glasshouse and, if desired, rogue them out. 

RELATION OP SYMPTOM EXPRESSION TO CONTROL OP THE DISEASE 

Roguing in a glasshouse is justifiable if the flowers of the variety are 
sufficiently injured or reduced in number (3, 10) that the infected plants 
do not return a profit. The plants adjacent to those removed will benefit 
from the increased space, light and lessened soil competition, or if roguing 
is done early the beds can be replanted. 

There apparently is little reason to fear that the disease will spread 
under glasshouse conditions, and infected plants need not be removed be- 
cause of that consideration alone. As early as 1930 White (8) stated that 
‘‘Due to its apparent failure to spread in the Eastern greenhouses, the com- 
mercial grower has rogued out diseased individuals very successfully.’^ 
Beds having up to 50 per cent of infected plants in 1928-29 were rogued in 
the summer of 1929, and in 1930 diseased plants were either absent or present 
only in very small numbers. He later (10) found that 8 out of 36 seemingly 
healthy plants in a greenhouse test developed mosaic in the first 3 months, 
but no more appeared in the following 21 months. Presumably growth "was 
insufficiently vigorous in the first 3 months for reliable diagnosis. Berkeley 


TABLE 2. — Incidence of mosaicin several rose varieties in glasshoiLses at two dateSf 
as a measure of spread of the disease 


Variety 

Number of 
plants 

Initial 
age of 

Interval 

between 

Per cent plants with 

1 mosaic 


planting 

observations 

Initial 

Final 

Better Times^ 

84 

Months \ 

22 :■ i 

Months 

9 

22.6 

22.6 

Beerlessb 

204 


9 

13.2 

13.7 

Hollywood 

119 

24 ! 

1 25 

16.0 

16.8 

Rome Glory 

70 


i « 

42.9 

47.1 


a Examination made 4 months after planting showed 11.9 per cent mosaic; this read- 
ing was later found to he inaeeurate, as some of the plants had showed insufficient new 
growth for accurate diagnosis, 

b Three months after planting had only 7.4 per cent mosaic detectable for the same 
reason indicated for Better Times. 

(1) found that after removing the infected 50 per cent of Premier rose 
plants in a Toronto greenhouse, “very few diseased plants were observed 
after 3 months’ time.” 
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General observations and successive counts in California commercial 
glasshouses at intervals up to 2 years have given no clear evidence of the 
spread of rose mosaic. These data are summarized in table 2. The slight 
increases noted are explainable by the fact that the growth status of some 
of the plants at the time of early observations made accurate diagnosis diffi- 
cult; this is shown in the readings taken 2|-4 months after planting. The 
disease certainly cannot be regarded as dangerously infectious in green- 
houses and this interpretation is reflected in the present attitude of com- 
mercial growers toward it. 

It is interesting that the disease, practically from the time of its first 
clear recognition, has been regarded as not spreading in the glasshouses. 
However, until comparatively recently (2, 3, 6), the prevalent view has been 
that natural spread did occur in the field (5, 7, 8). Because of the admitted 
difficulties of field, as compared with glasshouse, diagnosis this situation is 
not hard to understand when the relative dependability and severity of 
symptoms in the two locations are considered. However, as pointed out by 
Brierley and Smith (2, 3), the nursery practices of propagating understocks 
from the tops of previously budded plants, and of using budwood from top 
varieties growing outdoors, probably account for known field spread of 
the disease. When buds are taken in glasshouses, there is the hazard that 
they will be taken from the larger, nonproductive, mosaic-infected plants 
rather than from the much-pruned healthy ones, particularly if the nature 
and appearance of the disease are not understood (6). 

For varieties that suffer flower deformation or yield reduction from the 
disease, it would be well to select budwood from greenhouse plants that have 
been examined at intervals and found mosaic-free. Before starting large- 
scale propagation of a new greenhouse variety, nurserymen could well grow 
the plants for budwood under glass at temperature favorable for the detec- 
tion of the disease. This selected material could then be increased in mother 
blocks in the field. 

Whenever necessary to increase the supply of budwood in the field it 
would be a reasonable precaution to plant at some distance from any infected 
nursery stock. 

SUMMARY 

Symptoms of mosaic were found in tests with two rose varieties growing 
under conditions of controlled environment to be favored by temperatures 
of 15-25*^ C. and to be greatly reduced in severity only below 15° C. 

tinder carefully controlled environmental conditions, as under fluctu- 
ating glasshouse situations, there was an erratic appearance of symptoms in 
comparisons between adjacent leaves or companion leaflets. 

The response of the varieties to temperature was consistently distinct in 
the matter of growth, but in mosaic symptom-expression it was the same. 

Because of the wide limits of the favorable temperature range for mosaic 
symptoms, it should be possible for certain purposes to grow satisfactory 
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budwood under giassliouse conditions, where diseased plants can be recog- 
nized and eliminated, and where the danger of new infections is slight. 

There Avas no eAudence of spread of the mosaic in eomniereial green- 
houses. 

Division of Plant Pathology, 

University op California, 

Berkeley, California. 
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PHYTOPATHOLOGICAL NOTES 


Pythium arrhenomanes on Cereals and Grasses in the Northern Great 
Plains.^ — On the basis of pnre-cnltnre isolations made from field-grown 
cereals and grasses in North Dakota in 1940 and 1941, the common root- 
browning organism, Pythium arrhenomanes DrechsL, appears to be preva- 
lent. While it seems to be particularly important in the lighter soils of 
central North Dakota, it is also abundant in the Eed Eiver Valley and has 
been isolated from the northern, extreme western, and northeastern parts 
of the State with frequent regularity. Isolations have been made also from 
wheat, corn, and certain grasses in adjacent Minnesota and South Dakota, 
and from wheat in eastern Montana. Strains of P. aristosporum Vanter- 
pool, another species strongly pathogenic to cereals and grasses, which is 
occasionally isolated from wheat affected with browning root rot in Sas- 
katchewan,^ were obtained from barley roots from Dickinson, North Dakota, 
and from wheat roots from Bozeman, Montana. 

During 1941, the disease first appeared about May 10, on various hosts, 
and continued to develop until about July 10. Pythhim arrhenomanes y 
however, was isolated from such warm temperature grasses as Setaria italica 
(L.) Beauv. until early August, and in the Eed Eiver Valley was isolated 
from wheat as late as July 29. Other species of P^if/imm, including P. 
deharyanum and several congeneric forms, were isolated also from damping- 
off grasses early in the season and, to some extent, later, following the rainy 
periods. 

Pure cultures of Pythhim arrhenomanes isolated from a number of hosts 
proved parasitic on Thatcher wheat seedlings grown under aseptic condi- 
tions in small Erlenmeyer flasks held at room temperatures at Saskatoon, 
in August, 1941, and at Mandan, N. Dak., in September, 1941. Cultures 
from the following field-grown, naturally infected hosts were moderately to 
severely parasitic on the wheat seedlings : Aegilops triuncialis Jj., Agropyron 
amurense Drob., A. caninum (L.) Beauv. (the seed of this lot came origi- 
nally from Eussia and appears to be true A. caninum and not A. caninum 
Amer. Auth., which latter, according to Hitchcock, is A, suhsecundum ) , 
A. ciliare (Trim) Franch., A. cristatum (L.) Gaertn. (standard), A. cm- 
(rhizomatous form). A, dasystachyum (Hook.) Scribm, A. inter- 
medium (Host) Beauv., A. pungens (Pers.) Eoem. and Schult, A. repens 
(L.) Beauv., A. trachy caulum (A. pattciflorum), Ammophila 

arenaria (Jj.) Link, Bouteloua curtipendula (Michx.) Torn, B. gracilis 
(H.B.K.) Lag., Brachy podium sylvaticum (Huds.) Beauv., Bromus cari- 
natus Hook, and Arn., B. erectus Huds., B. inermis Leyss., Echinochloa crus- 

1 Cooperative investigations between the Divisions of Cereal Crops and Diseases, 
Forage Crops and Diseases, and Dry Land Agricnltnre, Bureau of Plant Industry ; and 
the Division of Nurseries, Soil Conservation Service, U. S. Department of Agriculture j the 
North Dakota Agricultural Experiment Station; and the Plant Pathology Laboratory 
of the University of Saskatchewan, Saskatoon, Canada. 

2 Vanterpool, T. C. Present knowledge of browning root rot of wheat with special 
reference to its control. Sci. Agr. 20: 735-749. 1940. 

■■ ■ 327 . . 
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gain (L.) Beaiiv., Elyniiis glmicus Buck!., E. intemiphis Buekl., E. juncetis 
Piscli,, Eestuca ruira var, commuiata Gaud., Hordeum vulgare L., Panicum 
miliaceum L., Secale cereale L., Setaria italica (L.) Beauv., 8. viridis (L.) 
Beauv., 8tipa comata Trin. and Eiipr., Triticum aestivum L., T. dicoccum 
Sehrank, T, durum Desf. and Zea mays L. Under the same conditions of 
experimentation, many of the sphaerosporangial forms obtained from damp- 
ing-off grasses piwed to be slightly, and less often moderately, parasitic on 
wheat, while others show^ed no signs of parasitism. 

In addition to the hosts listed above, the following species have yielded 
Pythimn arrhenomanes from diseased field-grown, naturally infected plants, 
but the parasitic nature of these isolates remains to be proved : Agropyron 
desertorum (Link) Eieht., A. ri/parium Scribn. and Sm., A. spicatum 
(Pursh) Scribn. and Sm., A, tricJiophorum (Link) Eicht., ArrhemtJierum 
elatius (L.) Mert. and Kodh, Amna fafua L., A. sativa L., Sorghastrum 
nutans (L). Nash, Sorghum vulgare Pers., and 8 . vulgare var. sudanense 
(Piper) Hitch. Since all of the isolates of P. arrhenomanes tested on wheat 
were definitely pathogenic, it is believed that most or all of the untested 
cultures of this fungus will prove similarly so. 

It would appear from the foregoing results that damage to cereals and 
grasses from Pyihium is just as common and serious in the Northern Great 
Plains as in Saskatchewan and that, as has been previously pointed out, the 
parasitic species concerned are indigenous on our native grasses. 

A more detailed host-range and list of isolates, together with data on 
other species of Pythium besides P. arrhenomanes^ will be assembled later.— 
T. C. Vanterpool, University of Saskatchewan, Saskatoon, Canada, and 
Eoderick Sprague, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Agriculture, Northern Great Plains Field 
Station, Mandan, N. Dak. 

Savoy Disease of Sugar Beets in Southwestern Ontario} — ^In the course 
of periodic surveys of sugar-beet fields of southwestern Ontario during the 
current season, some hundreds of plants exhibiting symptoms suggestive of 
disease of the virus type were marked for special observation. In the case 
of certain of the suspect plants the cause and nature of their apparently 
diseased condition remain obscure. In the case of others, however, the 
symptoms exhibited were identical in every respect with those described by 
Coons and co-workers^ in 1937, for Savoy, a virus disease of beets trans- 
mitted by the pigweed bug, Piesma cinerea. The latter insect, which has a 
wide host range including the red root pigweed and other members of the 
pigweed family, has been reported by Stirrett® as occurring in the sugar- 
beet fields in Ontario. Figure 1 shows a severe case of Savoy, infection 

1 Contribution No. 686 from the Division of Botany and Plant Pathology, Science 
Service, Department of Agriculture, Ottawa, Canada. 

2 Coons, G. H., J. E. Kotila and Dewey Stewart. Savoy, a virus disease of beet 
transmitted by Piesma cinerea. Phytopath. (Abstract) 27: 125. 1937. 

3 Stirrett, Geo. M. A contribution to the knowledge of sugar beet insects in Ontario. 

Sei. Agr. 16: 180-196. 1935. 
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having reached the stage of total involvement of the leaves of a 5~month-old 
sugar beet. 



Fig. 1. Five-month-old sugar beet showing typical, late -stage symptoms of Savoy 
disease, x §. 

As far as the writers are aware, this disease of beets has not been re- 
ported heretofore in Ontario, but it is known that in October, 1939, H. D. 
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Brown of tlie Agricultural Research Department of the Canada and Domin- 
ion Sugar Company, Chatham, Ontario, had Savoy’’ plants under obser- 
vation. 

In most of the fields examined this year only a trace of the disease was 
found. However, in several fields in one particular district, the number 
of affected plants reached proportions that must have been of appreciable 
economic significance. The circumstances in connection with the incidence 
of affected plants in one of these fields seem of sufficient interest to warrant 
consideration in the following detail. Commencing with the outside row 
on one side of the field and proceeding row by row towards the center, 11,200 
plants were counted in successive groups of 100 within each row (Pig. 2). 



Pig. 2. Diagram showing correlation hetween occurrence of sugar beets infected with 
Savoy disease and presence of weeds in close proximity. 


Altogether, 245 plants, that is, 2.1 per cent, showed definite symptoms of 
Savoy. Analysis of the data of the completed count indicated that infected 
plants were not distributed evenly throughout the field. Rather, it was 
noted that inf ection was greater in one corner and along one side of the field 
than towards the center. For example, the percentage occurrence of the 
disease in rows 3, 11, and 22, was 4.4, 1.8, and 0.5, respectively. In the first 
10 rows the number of infected plants averaged 2.6 per cent, whereas in the 
next 6 rows counted (11, 13, 15, 18, 20, and 22), the average dropped to 0.9 
per cent. In the areas indicated by the arrows in figure 2, infection reached 
a maximum of 6.5 per cent. 

Along the one side and at the corner of the field towards which infection 
was highest, weeds were growing in profusion. Among the latter Ambrosia 
urtemisiifolia greatly predominated, but there were also present Daucus 
carota, Solidago canadensis^ Chenofodmm album y Trifolium repensy 
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Amaranthus and others in lesser numbers. Girciimstantial evidence 
would suggest that some of the weeds mentioned above were infected with 
the virus transmitted to the beets following invasion of the field by virulifer- 
ous insects.' — A. A. Hildebrand and L. W. Koch, Laboratory of Plant 
Pathology, Harrow, Ontario. 

Mosaic of Bromus inermis . — ^During the spring of 1941, the writers col- 
lected a yellow mosaic on Bromus inermis Leyss. growing in the headland 
of the wheat rust nursery at the Kansas Agricultural Experiment Station, 
Manhattan, Kansas. In a limited survey in the vicinity of Manhattan, no 
other case of mosaic on B. inermis was found. 

Infected plants from Manhattan were transported to Arlington Farm, 
Virginia, and inoculation studies were carried out. Bromus inermis^ Har- 
vest Queen wheat, and White Tartar oats were found susceptible, develop- 
ing severe yellow-mosaic symptoms. Infected tissue was clipped, dried, and 
stored at summer room-temperatures and, at intervals, tested for potency 
in wheat. At the end of 51 days, when the last test was made, there was 
sufficient active virus to induce mosaic in all of the 12 wheat plants inocu- 
lated. Further tests may show the period of potency to be still longer, 

Bromus inermis was inoculated with each of the 7 wheat viruses pre- 
viously listed,^ and the Bromus virus was used as a control on the technique. 
Each virus was inoculated into 20 healthy plants of B. inermis. The Bromus 
virus induced typical mosaic in 16 plants, but none of the wheat viruses 
induced symptoms. Inoculations from these symptomless plants have failed 
thus far to indicate any virus carriers. It is concluded that the Bromus 
virus is distinct from the other viruses tested. — ^H. H. McKinney, H. Fel- 
lows, and C. 0. Johnston, Bureau of Plant Industry, U. S. Department of 
Agriculture. 

A Convenient Scale for Use in the Rapid Determination of Comparative 
Degrees of Infection of Hops iy the Downy Mildew Fungus ^ Pseudo- 
peronospora kumuli .'^ — Moist chambers are prepared, in the course of labora- 
tory inoculation experiments, by placing moistened discs of filter paper in 
the bottoms of Petri dishes. Excised leaves of hop (Humulus lupulus L.) 
are placed on the filter paper, as shown in figure 1, and distilled water sus- 
pensions of the zoosporangia of the downy mildew fungus {Pseudoperono- 
spora humuli (Miyabe and Tak.) Wilson) are atomized, with a DeVilbiss 
atomizer, onto the exposed lower leaf surfaces. The covers are placed on 
the dishes and the moist chambers then removed to an incubation cabinet 
maintaining a constant optimum germination temperature of approximately 
65° F. After an incubation period of suitable length infection of the leaves 

1 McKinney, H. H. Mosaic diseases of wheat and related cereals. XJ. S. Dept, of 
Agric. Cir. No. 442, 22 p. 1937. 

1 Published as Technical Paper No. 405 with the approval of the Director, Oregon 
Agricultural Experiment Station — ^Eeporting a cooperative project between the IT. S. 
Bureau of Plant Industry and the Oregon Agricultural Experiment Station. 
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JJ IG. 1. A Petri-dish moist chamber with cover removed to show hop leaf in place. 



Typical secondary leaf infection resulting from natural infection in the 
Clusters, a susceptible variety of hops. 
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of susceptible hosts is evidenced by the appearance of clusters of sporangio- 
phores bearing dark-colored sporangia as shown in figure 2. 

The scale found to be convenient for use in the rapid determination of 
comparative degrees of infection is illustrated in figure 3. It was prepared 
by tracing the outlines of a hop leaf of convenient size to fit into the Petri 
dish moist chamber and by placing within each outline a definite number of 
dots, from 0 to 100, to represent points of infection. Numerals from 0 to 
10 are used to represent the comparative degrees of infection. By reference 
to the scale numerical values can rapidly be assigned to the infection appear- 
ing on the leaves as they are removed from the moist chambers, particularly 
if the leaves are examined with the aid of a watchmaker’s loupe. — G. R. 
Hoerner, Division of Drug and Related Plants, Bureau of Plant Industry, 
United States Department of Agriculture, Oregon State College, Corvallis, 
Oregon. 

The Basp Leaf of Cherry } — disease of cherry trees manifesting itself 
by abnormalities of the leaf growth was observed first in 1935 on the Royal 
Ann variety at Cedaredge in Delta County, Colorado. In 1938 cherry trees 
of the Bing, Lambert, and Royal Ann varieties near Paonia, Delta County, 
were found affected with the malady. Observations in 1940 and 1941 indi- 
cated a quite rapid spread of the disease in this district. The Royal Ann 
variety appeared to be most severely affected. 

The enations, which develop on the underside of the leaves, constitute the 
most characteristic symptom of the disease and vary from elongated pro- 
tuberances to raised, serrate, leaf-like growths (Pig. 1, A, D). Usually a 
gland is present at the apex of each leaf -like growth (Pig. 1, D). On a 
given leaf the growths usually are found spreading outwardly from the 
midrib between the veins toward the margin of the leaf blade. The upper 
surface of the leaf blade shows depressed rugosities, of lighter color than the 

1 Published with the approval of the Director, Colorado Agricultural Experiment 
Station, as Scientific Series paper ^131. 
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normal green of the leaf (Pig. 1, C). In all cases such Yentral depressed 
and discolored areas are directly opposite a dorsal outgrowth. Because the 
majority of the dorsal outgrowths resemble the teeth of a coarse rasp and 
because this is the major manifestation of the disease, the name rasp-leaf is 
suggested to designate the disease. SeTerely affected leaves are small, nar- 



Fig. 1. Symptoms of rasp leaf of cherry on the Eoyal Ann variety. A. Enations on 
lower surface of affected leaves. B. Diseased twig showing distortion and ventral fold- 
ing of the leaves. C. Ventral surface of affected leaves showing depressed rugose areas. 
D. Enlarged portion of dorsal surface of diseased leaf showing outgrowths. In many 
instances an apical gland may be noticed. 
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row, and markedly distorted. The leaf blade frequently shows a tendency 
to fold upon itself ventrally (Fig. 1, B). The damage to the tree apparently 
results from the retardation in growth. 

Bud-inoculation tests to date indicate that the disease is of a virus nature, 
with a two-year incubation period. — ^B. W, Bodine, Section of Botany and 
Plant Pathology, Colorado Experiment Station, and J. H. Newton^ Bureau 
of Plant and Insect Control, Colorado State Division of Agriculture. 

The Ascogenous Stage of the Peach Constriction-disease Pathogen.— hi 
Phytopathology 30, pages 966 and 967, the writer set forth reasons for con- 
sidering the species of Phomopsis causing peach constriction-disease as a 
conidial stage of Diaporthe eres in the sense of Wehmeyer, or D. perniciosa 
in the sense of certain European investigators, although he had not found 



Pig. 1. Asei and ascospores of Diaporthe from culture of peach Fhomopsis. x 950. 
Mounted and photographed by Marguerite Wilcox. 

an ascogenous stage either occurring naturally or in cultures. Recently 
perithecia were found in a culture of the peach Phomopsis from Delaware, 
which, in the above mentioned publication, was called ‘‘Peach A 

culture of “Peach III’’ was transferred to oatmeal agar on Dec. 4, 1940. 
Five days later a small piece of peach twig, sterilized by flaming, was placed 
on this vigorously growing culture. The fungus continued to grow vigor- 
ously, and in one month produced typical pycnidia on both the agar and the 
twig. The culture was not again examined until September, 1941, when 
perithecia were found on both the agar and the twig. These perithecia were 



336 Phytopathology [Vol. 32 

nearly spherical with short ostioles projecting from the substrate and were 
typical for the genns Diaporthe, Paraphyses were present. The asei were 
clavate with a refractive ring in the apical wall. The ascospores typically 
were nniseptate, constricted at the septum, and 4 guttate, although when 
slightly out of focus they appeared triseptate. Asci measured 49-57 x 
8~10 jj ; ascospores 12-13 x 4 jj, biseriately arranged (Pig. 1) . Attempts to 
germinate ascospores were unsuccessful, probably because the culture was 
so old and dry. The morphological characters and measurements of the 
perithecia, asci, and ascospores support the view that the fungus is D. eres 
in the sense of Welimeyer or D. pernmosa in the sense of many European 
investigators, and for the present it is so considered by the writer. How- 
ever, any one w^orking with the various forms of Phomopsis occurring on 
deciduous fruit trees must realize the need for a more thorough investigation 
of these forms and their ascogenous stages before taxonomic relationships 
can be determined with certainty. — ^John W. Egberts, Principal Pathologist, 
Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Indus- 
try, U. S. Department of Agriculture, Beltsville, Maryland. 

Poinsettia Seal) Discovered in Honolulu. — In December, 1940, E. A. 
Bessey informed the writer of the discovery of a scabbed condition of a 
double variety of poinsettia (EuphorMa pidcherrima Willd.) in Honolulu, 
T. H., during his recent stay there. The disease was found in November, 
1939, by E- C. Zimmerman, Entomologist of the Bishop Museum. It was 
discovered in a nixrsery where, as Dr. Bessey stated, the large number of 


Pig. 1. Poinsettia scab from Honolulu. A. Lesion on stems, x 1. B. Part of a 
leaf showing infection princmally on midrib and veins, x 1. C. Part of B. x8. Photo- 
graphs by M. L. P. Poubert. 
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poinsettias grown were mncli damaged by the attack. Prom specimens be 
contributed to tbe writer early in 1941 (Pig. 1), his preliminary identifica- 
tion of the fungus present as Sphaceloma was verified. A pure culture, 
which he isolated from the scab lesions, as he described it, was probably of 
the Sphaceloma. Dr. Bessey also sent a specimen of the same or a similar 
disease of PecUlanthus sp. This had been collected in a private garden in 
Honolulu, by the owner, also in November, 1939. In this case further diag- 
nosis awaits additional material. The scab of poinsettia from Honolulu 
appears to be identical with that found in southern Plorida in July, 1940, 
and subsequently, as recently reported by Euehle,^ from whom a specimen 
is at hand. — ^Anna B. Jenkins, Bureau of Plant Industry, ‘Washington, 
D. C. 

1 Euelile, G. D. Poinsettia scab caused by Sphaceloma. Pliytopatli. 31 : 947“948. 
1941. 


REPORT OF THE THIRTY-THIRD ANNUAL MEETING OP THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 

THE 1941 DALLAS MEETING 

The tliirty-thircl aiimial meeting of The American Phytopathological Society was 
held in Balias, Texas, from December 29, 1941, to January 1, 1942. While the attendance 
did not equal that of some former years, the meeting was most timely pid successful. 
Seventy-five new members were elected at Dallas, which now gives the Society a member- 
ship of 1118. 

Approximately 170 attended the Phytopathologists’ Dinner at the Hotel Adolphus, 
and enjoyed the typical southwestern entertainment arranged under the chairmanship of 
K. Starr Chester, with L. M. Blank and W. H. Tharp assisting. 

Special conferences were held on virus diseases from the plant quarantine standpoint, 
results of cooperative seed-treatment experiments, and plant pathology in relation to 
national defense and post-war readjustments. The invitation program of demonstrations, 
under the efdeient direction of A. J. Biker, chairman, P. A. Young and E. W. Lyle, again 
proved its usefulness and was highly commended. The value of cooperation among dif- 
ferent branches of plant science was brought out in joint sessions with Section G, of the 
A.A.A.S., and affiliated botanical societies, the Potato Association of America, and the 
Mycological Society of America. 

The climax of the meeting came with the appointment of a War Emergency Com- 
mittee, E. C. Stakman, J. G. Leach, and B. P. White, with the power to expand and 
include members from the five geographical divisions of the country. 

The matter of place and date of the 1942 summer meeting will be announced later 
by the program committee. 

OFFICERS, REPRESENTATIVES, AND COMMITTEES FOR 1942 

Officers: 

L. M. Hutchins, President (1 yr.), Bureau of Plant Industry, XT. S. Department of 
Agriculture, Washington, D. C. 

J. C. Walker, Vice-President (1 yr.), University of Wisconsin, Madison, Wisconsin. 
C. C. Allison, Secretary (3 yrs. term expires 1944), Ohio State University, Colum- 
bus, Ohio. 

H. A. Edson, Treasurer (3 yrs. term expires 1943), U. S. Department of Agriculture, 
Washington, D. 0. 

H. B. Humphrey, Editor in Chief of PHYTOPATHOLOGY (3 yrs. term expires 
1943), U. S. Department of Agriculture, Washington, D. C. 

Councilors: 

J. G. Leach (term expires 1942), West Virginia University, Morgantown, West 
Virginia. 

H. A. Bodenhiser (term expires 1943), U. S. Department of Agriculture, Washing- 
ton, D. C. 

J. G, Horsfall (term expires 1942), Agricultural Experiment Station, New Haven, 
Connecticut. 

P. L. Howard (New England Division), Bhode Island State College, Kingston, 
Bhode Island. 

N. J. Giddings (Pacific Division), P. O. Box 31, Biverside, California. 

George M. Armstrong (Southern Division), Clemson Agricultural College, Clemson, 
South Carolina. 

Eepresentatives: 

A.A .A .;8. Cowwoi?, Charles Chupp, J. G. Leach. 

Groiip F, Division of Biology and AgriculUtre^ National Research Council, ‘K, P. 
Barss. 

Tropical Me search Foundation (5 yrs. term expires 1945), Bobert D. Bands. 
InternationalVnion of Biological Sciences, K, Q. 

Board of Editors, American Journal of Botany (3 yrs. term expires 1943), G. W. 
Keitt. 

Union of American Biological Societies (and Biological Abstracts), H. B. Hum- 
phrey and C. C. Allison (ex officio), P. V. Band, 0. W. Bennett, H. A. Edson, 
G. W. Keitt. 
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Standing Committees: 

Donations and Legacies. R. P. White, Clxm., E. C. Stakman, J. G. Brown, N. J. 
GiDDiNGS, N. E. Stevens. 

Extension Worlc and delations. O. D. Burke, Clim., E. J. Haskell, G. W. Keitt, 
E. H. Porter, Otto Eeinking, E. 0. Eose, D. E. Sands, W, B. Tisdale, S. B. 
Penne. 

Investments. H. A. Edson, Ohm., Charles Brooks, Marvin E. Eowler, J. W. 
Roberts. 

Necrology. A. G. Johnson, Glim., M. B, Waite. 

Dhytopathological Classics. H. H. Whetzel, Manager, H. B. Humphrey, Editor. 
PuWc Delations. G. E. Weber, Chm., J. A. Pinckard, O. C. Boyd, J. H. Jensen, 
Prank McWhorter, A. G. Newhall, G. H. Starr, A. J. Ullstrup, P. A. 
Young, 0. T. Gregory. 

Degulatory Worlc and Foreign Plant Diseases. W. A. McCubbin, Chm., A. B. Buch- 
HOLZ, M. E. Harris, S. J. P. Chilton, A. A. Bitancourt, P. L. Drayton, J. P. 
Adams. 

Special Committees: 

Coordination in Cereal and Vegetable Seed Treatment Desearch. M. B. Moore, Chm., 
C. H. Arndt, H. T. Cook, P. J. Greaney, C. M. Haenseler, L. D. Leach, G. L. 
McNew, P. P. PiRONE, H. a. Rodenhiser. 

Fungus Nomenclature^ to Worlc with British Section of Mycological Society. G. L. 

ZUNDEL, Chm., C. M. Tucker, J. A. Stevenson, D. S. Welch, Erdman West. 
International Cooperation and Deorganization. L. M. Hutchins, Chm., Charles 
Chupp, W. j. Zaumeyer, Freeman Weiss, J. J. Christensen, J. C. Walker, 

J. A. Stevenson, C. W. Bennett. 

Nomenclature and Classification of Plant Viruses. C. W. Bennett, Chm., James 
Johnson, H. H. McKinney, H. H. Thornberry, Freeman Weiss, P. 0. 
Holmes, Eubanks Carsner. 

Publication of Monographs. Max Gardner, Chm., P. D. Promme, T. P. Manns, 
H. S. Fawcett, L. H. Leonian, L. E. Hesler. 

Seed Certification. J. C. Walker, Chm., E. J. Wellhausen, S. J. P. Chilton, 
S. M. Zeller, W. D. Moore. 

Standardization of Fungicidal Tests. S. E. A. McCallan, Chm., J. G. Horsfall, 

K. J. Kadow, R. W. Leukel, J. W. Roberts, C. P. Taylor, J. D. Wilson. 
Terminology (Nomenclature) of Immunology and Use of Technical Words. Heil 

Stevens, Chm., Jessie I. Wood. 

War Emergency. E. C. Stakman, J. G. Leach, E. P. White. 

Temporary Committees for 1941: 

Auditing, E. J. Haskell, W. W. Diehl. 

Desolutions, 0. D. Burke, G. H. Godfrey, James G. Brown. 


REPORT of officers, REPRESENTATIVES, AND COMMITTEES FOR 1941 

Report of the Secretary. The society year 1941 opened with 1128 members and 
closed with 1118, a net loss of 10 members. At the Dallas meeting 75 new members were 
elected. Six former members were restored to the active roll during the year. The 
society lost 91 members, 16 by resignation, 4 by death, and 71 by suspension for nonpay- 
ment of dues. It might be of interest to the membership to know that, of the 71 sus- 
pended, 2 were from South America, 3 from Canada, and 23 from other foreign countries, 
a total of almost half of those suspended; although the foreign membership is compara- 
tively small. Of the full membership 154 are paid-up life members and two are paying 
$10.00 a year toward life membership. 

The Society’s clearing agency, to facilitate contact between employable plant 
pathologists and pathological openings from individuals or institutions, was continued in 
1941. Applications were received or on hand from 55 pathologists. Sixty-six applica- 
tions from 38 pathologists were sent to 15 prospective employers. It was reported to the 
agency that three pathologists were hired through contact first made through the agency. 

The secretary wishes to thank the members and officers of the Society for their help 
and cooperation during his four years’ service. Special thanks are given to Mrs, O. D. 
Burke for her painstaking and unselfish secretarial assistance. 

Report of the Treasurer. Statement of accounts for the year ending November 30, 
1941.' 
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J^eceipts: 


Balance from 1940 $2103.71 

Annual dues: 

1939 $ 6.68 

1940 26.99 

1941 2870.60 ($10.00, life) 

1942 1958.34 ( 20.00, life) 

1943 12.50 

1944 10.00 

1945 10.00 

1946 5.00 $4900.11 

Voluntary dues 10.00 


Donations from members for foreign subscriptions 85.00 

Balance from A. P. S. dinner in PMladelpbia 20.60 

Index payments included with checks for dues 335.00 

Eeimbursement for cheeks returned by bank 10.00 


Total receipts 


Expenditures: 

Member subscriptions transferred to PHYTOPATHOLOGY : 

1939 $ 5.68 

1940 20.51 

1941 3667.25 

Transferred to Sinking Fund (Building and Loan) 

Transferred to PHYTOPATHOLOGY for: 

30-Year Index 278.00 

Donations for foreign subscriptions 85.00 

Voluntary dues 10.00 

Secretarial work and expenses of office of Secretary 

Secretarial work for Treasurer 

Preprints of abstracts 

Eeprints of Constitution 

Printing 

Stamps and stamped envelopes 

Supplies 

Demonstration programs: 

1940 12.50 

1941 7.41 

Binding 4 volumes of official set of PHYTOPATHOLOGY 

Addressing bills 

Dues refunded 

Checks returned by bank 

Collection of checks 

Total expenditures 

Balance on hand 


5360.71 

$746442 


$3693.44 

15.00 


373.00 

236.58 

297.50 

35.46 

20.88 

139.44 

41.03 

1.45 


19.91 
7.60 
1.11 
1.50 
10 00 
1.05 


4894.95 

2569.47 


$7464.42 

Sinking Fund. The Sinking Fund, the income from which is used for the support 
of PHYTOPATHOLOGY, has been obtained by deducting $5.00 from each life-sustaining 
membership installrnent. All but two of the life-sustaining members have paid in full. 
As one of these is in England and the other in Italy, it will probably be several years 
before they can complete their payments. The fund totaled $9646.00 at the close of 1940. 
During the year it increased to $9661.00 and is invested as follows: 

First mortgage notes deposited with the McLachlen Banking Corporation 

//KIAAriA AA _ J. /> M Jhr-r\r\ f\r\ i j.-— 


for collection ($10000.00 at 6%, $500.00 at 5%) $1500.00 

Invested with the following building and loan associations : 

Arlington and Fairfax Bldg, and Loan, 5% 1000.00 

Columbia Permanent Bldg. Association, 4% 510.00 

District Bldg, and Loan Association, 4% 1656.08 

National Permanent Bldg. Association, 4^% 2000.00 

Northwestern Fed. Savings and Loan Association, 31% 2000.00 

Perpetual Bldg. Association, 4% I 1020.54 

Prudential Bldg. Association, 4% (accrued interest, $2.92) ......... 1 .. 163.92 


$9850.54 

Less interest due PHYTOPATHOLOGY 189.54 
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The Lyman Memorial Fund, obtained from voluntary contributions, now totals 
$3181.53, of which $54.21 represents accrued interest and is available for PHYTO- 
PATHOLOGY. The whole amount is invested with the Brookland Building and Loan 
Association at 3 1 %. The account for 1941 follows: 


Balance on hand Bee. 15, 1941 $3264.66 

Dividends, Bee. 31, 1940, and June 30, 1941 111.16 

Contributions from members 20.25 

Sales of Erwin E, Smith Memoir 15.00 


3411.07 

Accrued dividends, transferred to PHYTOPATHOLOGY, Jan., 1941 229.54 

$3181.53 


Eeport of the Business Manager of PHYTOPATHOLOG-Y. At the close of 1940 
there were 600 nonmember subscribers, including 5 complimentary. During 1941 there 
were 28 cancellations and 65 suspensions, a loss of 93. This more than offset the 77 new 
subscriptions and resulted in a net loss of 16, bringing the list at the close of 1941 down 
to 584, the lowest since 1935. Even this figure will be materially reduced beginning with 
1942, when, due to the loss of foreign subscriptions, the list will fall at once to less than 
500 with a probability that there will be a further drop of 50 to 100. 


Statement of accounts for the year ending November 30, 1941. 


Meceipts: 

Balance from 1940 ; 

Subscriptions : 

1940 $ 97.10 

1941 2957.19 

1942 381.34 

1943 11.50 $3447.13 

Member subscriptions : . 

1939 5.68 

1940 20.51 

1941 3667.25 3693.44 

Sales of back numbers 330.25 

Advertising : 

1940 125.16 

1941 628.74 753.90 

Interest on Sinking Fund: 

First mortgages 85.00 

Building and Loan 454.24 539,24 

Grant from Rockefeller Institute 600.00 

Interest on current funds 173.16 

Interest on Lyman Fund 229.54 

Allowance on reprints 557.70 

Prom authors for excess illustrations 244.80 

Part payment by National Academy of Science for 

article in March issue 60.00 

30-Year Index 2040.75 

Prom A. P. 8. for: 

Foreign subscriptions donated by members 85.00 

Voluntary dues 10.00 95.00 

Items for other accounts included with checks for 
subscriptions and Index: 

E. F. Smith Memoir 1.45 

Classics 3.25 

Lyman Fund 5.25 9.95 

Reimbursement for checks returned by bank 23,75 


Total receipts 

Expenditures: 

Printing, distributing and storing PHYTOPATHOLOGY : 


Vol. XXX, No. 11 $855.71 

No. 12 and Index 798.58 


$ 7288.35 


12798.61 

$20086.96 
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Vol. XXXI, No. 1 895.50 

No. 2 797.99 

No. 3 655.56 

No. 4 761.16 

No. 5 817.03 

No. 6 795.57 

No. 7 808.29 

No. 8 726.11 

No. 9 740.83 

No. 10 721.61 


Postage 

Secretarial work and office expenses, Editor in Chief 

Secretarial work, Business Manager 

Allowance, Advertising Manager 

Stamps and stamped envelopes 

Supplies 

Printing 

30-Year Index 

Interest and storage on paper purchased in advance .... 


Transferred to other accounts : 

E. P. Smith Memoir 1.45 

Classics 3.25 

Lyman Fund 5.25 

Eefund, subscriptions and sales 

Cheeks returned by bank 

Bank service charge 


$9373.94 
580.36 $9954.30 

391.91 

385.60 

55.88 

74.72 

1.20 

34.51 

3171.46 

62.89 


9.95 
12.66 
23.60 

4.95 


Total expenditures ; $14183.63 

Balance on hand: 

Checking account $1155.17 

Northwestern Ped. Sav^s and Loan Association 4748.16 5903.33 


$20086.96 


Report of the Auditing Committee for the year ending November 30, 1941. The 

books of the Treasurer of The American Phytopathological Society and of the Business 
Manager of PHYTOPATHOLOGY, including accounts of the Society’s Sinking Pund 
and of the Lyman Memorial Pund, have been examined. We have compared receipts and 
expenditures with bank statements and find them to be complete and satisfactory in every 
detail. 

Royal J. Haskell 
William W. Diehl 

Dec. 16, 1941. 

Report of the Advertising Manager. There were 93 revenue-producing advertise- 
ments, occupying 51 pages and consisting of 23 full-page, 42 half -page, and 28 quarter- 
page insertions. During the year 12 commercial companies used our Journal as adver- 
tising medium. 

There were 38 nonrevenue-producing advertisements, occupying 24 pages and made 
up of notices regarding Phytopathological Classics, the Society clearing agency, the Com- 
mittee on Public Relations, the 30-Year Index and a few others. 

Contracts in 1941 totaled $834.26. 

Agnes E. Meier 

Report of the Editor in Chief. Volume 31 of PHYTOPATHOLOGY contains, exclu- 
sive of the index, 1142 pages of printed matter and illustrations classified as follows: 109 
articles, 51 notes, 3 reports of meetings, 7 book reviews, 159 abstracts, 266 text figures, 
1 plate, and 2 frontispieces. Prom December 16, 1940, to December 10, 1941, a total of 
195 manuscripts of articles, notes, book reviews and reports of Society meetings were 
submitted for publication in PHYTOPATHOLOGY. Sixteen of these manuscripts were 
either recalled by their authors or returned to them as unsuitable for publication in our 
Journal. There are now in press 46 articles and 103 abstracts. Other manuscripts now 
on hand (Dee. 10) comprise a total of 754 typewritten pages. It is estimated that there 
is in hand enough material to fill 770 pages of PHYTOPATHOLOGY. At this time last 
year the figure stood at 820 pages, a difference of 50 in favor of 1941. 

Continued and increased emphasis on the importance, even the necessity, of condensing 
and otherwise improving manuscripts has made itself felt throughout the past year. 
There is room for further improvement, and this improvement must be effected by the 
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contributors tbemselves. There is scarcely a manuscript submitted for publication in our 
Journal but that will bear more or less condensation without any impairment of quality 
or scientific worth. Manuscripts are still coming in without table headings and with 
inadequately described illustrations. Still others are accompanied by illustrations of such 
poor quality that, when reproduced, they fail to reveal the details called for in the legends 
or described in the text. It is time and money wasted to submit any but high-quality 
photographs printed on glossy Velox paper or its equivalent. 

No manuscript, carrying citations to literature, should be submitted without assur- 
ance of the correctness of all citations. Too many contributors still leave this job to the 
editor. The value and excellence of our Journal will be no better, no greater, than the 
papers upon which it depends for its continuance, 

H. B. Humphrey 

Report of the Manager of Phytopathological Classics for the year 1941. I beg to 
submit herewith the annual report of my stewardship as Manager of Phytopathological 
Classics: 

Report for the fiscal year beginning December 1, 1940, » 


and ending December 1, 1941 

Classics No. 1: .On hand 12-1--40 80 

Sold during year 15 

On hand 12-1-41 65 

Classics No. 2: On hand 12-1-40 281 

Sold during year 14 

On hand 12-1-41 .. 267 

Classics No. 3 : On hand 12-1-40 380 

Sold during year 18 

On hand 12-1-41 362 

Classics No. 4: On hand 12-1-40 442 

Sold during year 17 

On hand 12-1-41 425 

Classics No. 5: On hand 12-1-40 688 

Sold during year 16 

On hand 12-1-41 672 

Classics No. 6: On hand 12-1-40 813 

Sold during year 20 

On hand 12—1—41 793 

Cash balance on hand 12-1-40 $282.49 

Receipts during year , 64.75 

Total $347.24 

Expenditures: 

Postage $ 2.10 

Total expenditures 2.10 

Balance on hand December 1, 1941 $345.14 

Due on accounts ... $ 8.75 


PHYTOPATHOLOGICAL CLASSICS 
Number 7 

1. CoNCERNma the Mosaic Disease OP Tobacco 

By Adolph Mayer 

2. Concerning the Mosaic Disease op the Tobacco Plant 

By Dmittri Ivanowskxi 
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3. Concerning a Contagitjm Vivium Pluidum as a Cause op the Spot-Bisease of 
Tobacco Leaves 

By Martiiius W. Beijerniek 

4, On the Etiology op Infectious Yariegation 

By Erwin Baiir 

Translated from German 
James Johnson 

With a preface and biographical sketches by the translator 
Published by 

The American Phytopathological Society 
1942 

Report of the Necrology Coimnittee. During 1941 there were five deaths within our 
membership as follows: 

Karl von Tubeup, February 8 ; 

Otis Chester Whipple^ February 13 j 
Lee Ellis Miles, May 10 ; 

Wallace Butler, August 3 ; and 
R. E. McLean, September 28. 

A. G. JOPINSON 
M. B. Waite 

Summary of the Report of the Committee on Biological Abstracts and the Union 
of American Biological Societies. What the Biological Abstracts Staff Is Doing for the 
Biologists. — ^Against great odds and in spite of the war, the staff of Biological Abstracts 
has completed a notable year of accomplishment. Few realize the magnitude of the task 
performed over the last four years by a central office staff, which had been reduced in 
numbers to about one-fourth its normal size, nor is the enormous amount of extra time and 
nervous energy necessarily expended by the few to do the work of the many fully appreci- 
ated. Even in f ace of these handicaps, however, very conspicuous progress has been made. 

The war has had a tremendous effect on scientific output and distribution. Now, as 
never before, the remaining abstract journals are demonstrating their importance. Birr- 
ing 1941, therefore, Biological Abstracts has made every consistent effort within its power 
and means to produce abstracts of as much as possible of the literature that the war has 
made directly unavailable to most biologists outside the countries of origin. In carrying 
out these endeavors, the aid of many biologists in foreign countries has been obtained in 
furnishing abstracts from journals not now available here. Biological Abstracts^ on its 
side, is also helping British abstract journals to obtain material not now directly available 
to them. 

Toward the ends enumerated, 1550 serial publications are now (December, 1941) 
being regularly covered as against 1105 early in the year; and 24,759 entries appear in 
volume 15 as compared with 17,038 for the preceding year. During the first half of 1941 
the indexes for 1940 were completed and mailed, a notable feat in itself. Furthermore, 
all the preliminary correspondence and organization has been completed for the new sec- 
tional edition being launched with the first issue of 1942. In the 1941 volume. Section D — 
Abstracts of Plant Sciences carried 7060 entries from about 951 journals, and phyto- 
pathology alone had 1215 entries from about 292 journals. In each case the number of 
entries was approximately doubled and the journal sources were increased by about one- 
third over the preceding year. Additional journals as pointed to by cross references 
would add about 30 per cent to the number of journals covered. 

What the Biologists Are Doing for Biological Abstracts. — ^In the giving of time and 
effort and moral support the biologists have not been found w^anting. From past experi- 
ence your Chairman knows something of what the eleven members of the Board of Trus- 
tees and its Secretary have put into the enterprise. There are also 143 specialists on the 
Editorial Board, and nineteen biologists participate in the indexing. Well over 1000 
individuals prepare abstracts of the papers of other biologists, and several hundred jour- 
nals are now covered through assignments by their editorial staffs for author abstracts. 
However, as to financial backing, so sorely needed during these war times, scarcely one 
biologist out of every eight in the United States is said to be making any contribution 
at all. 

With regard to paid subscription commitments, the United States showed a net gain 
of 31 for the complete and 93 for the sectional editions over the 1940 record. Foreign 
subscriptions as a whole showed for 1941 a net loss of 11 for the complete and a net gain 
of 25 for the sectional editions, and this picture would have been much less favorable had 
it not been for the approximate doubling of subscriptions among 10 Latin American 
countries. The total subscription commitments (complete and sectional) for 1941 were 
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2055 for the United States and 834 for all other countries, making a grand total of 2889 
and representing net gains of 20 for the complete and 118 for the sectional editions over 
1940. To Section B — Abstracts of Blant Sciences^ there were only 421 subscribers in 
1941! With the partial or complete breakdown of most abstracting services outside the 
United States, we of America owe it to our own selfish interests, as well as to our abstract 
journals, to give them fuller financial as well as intellectual support. 

Outlooh for the Future, — Advancement has been made against odds. The hope is 
that this momentum may be progressively maintained : its continuance rests largely on 
increasing gains in support by the individual biologists of the country : the greater this 
financial support the more adequate will coverage of the literature become. An encourag- 
ing sign is the increasing awareness by biologists of the United States that Biological 
Abstracts is their own instrument. This is evidenced not only by growing individual 
interest, but also by a very considerable financial support accorded through some eight 
national societies with biological proclivities. What then of the future*? It is the firm 
resolution of the responsible staff that year by year Biological Abstracts shall be made 
more complete, prompt, and effective, and in all respects more useful. Judging from the 
present outlook, the foreign income will be less and the expenses greater during the year 
ahead. If, therefore, the current prompt and increasingly adequate coverage is to be main- 
tained, the whole-hearted support and cooperation of the biological societies and indi- 
vidual biologists of this hemisphere will be urgently needed, nay indispensable. 

At such a time as this our professional group can make an important contribution 
by increased efforts to insure the maintenance of Biological Abstracts at the highest pos- 
sible level of efficiency. Your committee suggests that each society member do what he 
can toward this end by helping to augment the number of American subscriptions. The 
results will be particularly valuable at a time when every resource of science must be made 
promptly available for National Defense. 

Frederick: Y. Rand, Chairman 

December 16, 1941. 

Report of the Extension Work and Relations Committee. The Extension Work and 
Relations Committee sponsored one activity in 1941. This was a panel discussion on the 
subject: Plant Pathology in relation to national defense and post-war readjustments^^ 
on December 30 at the Dallas Meeting. A detailed report of this conference will appear 
in the Extension Pathologist in the near future. At the same session the committee spon- 
sored the showing of kodachrome film depicting the ^ ^ Speedsprayer. ’ ’ 

C. C. Allison, Chairman, O. D. Burke, R. J. Haskell, G. W. Keitt, 

R. H. Porter, Otto Reinking, R. C. Rose, D. R. Sands, W. B. Tisdale. 

Report of the Committee for Coordination of Research in Cereal and Vegetable 
Seed Treatments. The activities of this committee for the past year will be presented 
under the following subdivisions: vegetables, cotton, cereals, and flax. 

Vegetable Seed Treatments, Under the general chairmanship of Harold T. Cook, 
cooperative seed treatment tests were conducted by thirty-eight cooperators located at 
thirty-one stations in twenty -five states and in two provinces of Canada. 0. M. Haenseler 
personally supervised the lettuce and sweet corn tests; L. D. Leach, the celery tests; 
G. L. McNew, the cabbage and beet tests; J. C. Walker — ^not a member of the committee — 
the cucumber and pea tests; and Harold T. Cook, the spinach tests. 

Summaries of this work will be presented by these supervisors at these meetings, and 
the detailed results have been mimeographed for distribution to the cooperators and others 
interested. Although the results of tests in 1940 were mimeographed and distributed at 
the 1940 meetings, the entire report has since been published in the Extension Pathologist 
for February, 1941. 

It seems desirable to continue the vegetable work, possibly on a somewhat reduced 
scale, for at least a few more seasons. 

Cotton Seed Treatments, The work on cotton seed treatments has been carried on 
for several years under the auspices of the Cotton Seedling Disease Committee of the 
Cotton Disease Council and under the direct supervision of C. H. Arndt. 

Until January, 1941, when Dr. Arndt was placed on the Cereal and Vegetable Seed 
Treatment Committee, there was no formal association of the two committee. Since that 
time, the Cotton Seedling Disease Committee has continued its program, and Dr. Arndt 
has prepared a special summary of six years of experimental studies of cotton seed treat- 
ments. This summary is mimeographed and will be distributed to those interested. 

Cereals and Flax. In this field, tests were made to determine the effectiveness of 
various fungicides in increasing yields of wheat, oats, barley, and flax. Other tests were 
made to determine more directly the effectiveness of these fungicides in controlling smuts 
of wheat and oats, and barley stripe. These two series of tests were carried on at nine 
of the more northern States and three Canadian Provinces. 
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In addition, a new phase of work dealing with corn seed treatment was undertaken 
for the first time this year and was placed at six different stations. In these tests, only 
seedling data were taken, since it is impossible to secure varieties which are adapted in 
length of the growing season to the various states. While the results this year indicate 
no very pronounced differences in seedling stand, it is thought desirable to continue this 
Work with possibly some modifications of the present plan. It would be highly desirable 
to have someone from one of the corn belt states placed on this committee to take full 
charge of the project. 

A complete summary of the results of all these tests for the past three years is being 
prepared and will be distributed before the next crop season. 

At the present time, no work is being done on cereal seed treatments in either the 
hard red or soft red winter w^heat areas or in any of the southern states. It would seem 
highly desirable that such work should be undertaken; and since the problems and the 
cooperating stations are distinct from those concerned in the more northern states, it 
would be desirable to have this undertaken by people located in those areas. 

M. B. Moore, Chairman 

Report of the Committee on Standardization of Fungicidal Tests. A joint meet- 
ing of your Committee with the American Association of Economic Entomologists^ Com- 
mittee on Insecticide Terminology was held at the time of the Philadelphia convention 
and a number of problems of mutual interest discussed. The two Committees agreed to 
cooperate wherever possible in formulating standard methods and terminology. Another 
joint meeting is planned for the New York Convention in 1942-43. 

The preparation of tentative Standard Methods^’ or lists of Standard Terms’^ 
has been continued and three more are now available in mimeographed form. In each 
ease these have been prepared by the member or members of the Committee especially 
qualified in cooperation with other specialists. 

The new tentative standards are : 

1. Tentative Definitions of Fungicide Terms. 

2. Tentative Standardized Laboratory and Greenhouse Procedure for Testing the 
Relative Fungicidal Efficiency of Chemical Dusts in the Control of Certain Cereal Smuts. 

3. Tentative Recommendations on Standard Spray Nomenclature (Part II. Pears 
and Cherries). 

Copies of these may be obtained from the Committee Chairman, Boyce Thompson 
Institute, Yonkers, New York. Copies are also available for the four methods prepared 
earlier, namely : 

1. Tentative Method on a Standard Bordeaux Mixture for Laboratory Tests and for 
Determination of Bordeaux Coefficient. 

2. Tentative Method for Determination of Mean Particle Diameter of Fungicides. 

3. Tentative Speciafications for Slide-Moist Chamber Method of Testing Protective 
Fungicides. 

4. Tentative Recommendations on Standard Spray Nomenclature (Part I. Apples 
and Peaches). 

The Committee again requests that these various methods and terms be subjected to 
trial and constructive criticisms. Also that suggestions be made regarding new methods 
and terms suitable for standardization. Your cooperation is especially invited, since, 
shortly, sufficient time will have elapsed to take action on some of these methods as to 
(1) adaption by the Society as a Standard Method, (2) modification for further con- 
sideration, or (3) discarding. 

S. E. A. McCallajt, Chairman, K. J. Kadow, J. G. Horsfall, 

R. W. Leukel, j. W. Roberts, C. F. Taylor, J. D. Wilson. 

Report of the Advisory Committee for 1941. During the past year a number of pro- 
posals and suggestions were submitted to the Advisory Committee on Society Activities 
and Programs, which were given attention by its members. From the comments received, 
it was clearly indicated that the programs at present are being conducted in a very satis- 
factory manner and no general criticism is to be offered. 

The following points were considered by the Committee and are suggested to the 
Council: 

1. That a special or standing committee on '^Constitutional Revisions and Amend- 
ments'^ be appointed whose duty it would be to initiate matters of this type and weigh 
suggestions. It is believed that this should not be the function of the Advisory Com- 
mittee. 

2. To avoid triple sessions at the winter meetings wherever possible. 

3. Not to feature symx)osia to the extent of not having any other session at the same 
time. 

4. Since the programs of the Society are so well conducted at the present time, mak- 
ing it difficult to suggest specific improvements it is proposed by an almost unanimous 
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vote of the Committee that the Advisory Committee on Society Activities and Programs 
be discontinued, leaving it to future councils to appoint a special or standing committee 
as the need arises. It has been suggested that there should be a greater turnover of 
committees and the holding of them together, although inactive for some hypothetical 
emergency, is unwise because it adds to the machinery with no effect. 

Bespectfully submitted, 

W. J. Zaumeyer, Chairman, B. H. Drayton, A. A. Dunlap, 

J. A. PiNCKABD, B. K, VOORHEES, J. C. WALKER, 0. E. YARWOOD. 

Report of the Committee on Public Relations. During the past year your com- 
mittee again followed the objectives outlined to the Society at its 1939 meeting (Phyto- 
path. 30: 368). Since this meeting, international events have focused our attention upon 
increased agricultural production. As a result of these ' changes, your committee has 
endeavored to give to the public as much information as possible on the new developments 
in our science. Every newsworthy article appearing in Volume 31 of PHYTOPATHOL- 
OGrY has been submitted to one or more selected news agencies for national distribution. 

It is the belief of your committee that even greater efforts should be made to inform 
the public of the latest developments in plant disease control. That Pood for Preedom 
shall not fail, each member of the Society is personally responsible to the American Public 
for this information. 

For your convenience in fulfilling your responsibilities a list of accredited science 
writers and their addresses is appended; 

Dr. Gobind Behari Lai, International News Service, 235 E. 45th St., New York, N. Y. 

Mr. Waldemar Kaempffert, 10th Floor, The New York Times, N. Y. 

Mr. William L. Laurence, The New York Times, N. Y. 

Mr. Tom Byland, Time, Bockefeller Center, N. Y. 

Mr. Steven M. Spencer, The Evening Bulletin, Philadelphia, Pa. 

Dr. Robert Potter, American Weekly, 235 E. 45th Street, N. Y. 

Mr. John J. O^Neill, Science Editor, New York Herald Tribune, N. Y. 

Mr. Stephen J. McDonough, The Associated Press, Star Bldg., Washington, D. C. 

Mr. Howard W. Blakeslee, The Associated Press, 50 Bockefeller Plaza, New York, 
N. Y. 

Mr. Watson Davis, Science Service, 2201 Constitution Ave., Washington, D. C. 

Mr. David Dietz, Cleveland Press Bldg., Cleveland, Ohio. 

Mr. Gerard Piel, Life, 6 Rockefeller Plaza, New York, N. Y. 

Mr. Thomas B. Henry, The Washington Star, Washington, D. C. 

Mr. John B. Pfeiffer, Newsweek, BKO Building, Rockefeller Center, New York, N. Y. 

Mr. Allen Schoenfeld, Ann Arbor Bureau, Ann Arbor, Mich. I 

Mr. Albert E. Wiggam, 241 Central Park West, New York, N. Y. 

Mr. John White, Washington Times Herald, Washington, D. C. 

Mr. Henry Platt, Editor, Predate, 220 East 42nd Street, New York, N. Y. 

Miss Harriet Mackintosh, Fairchild Publications, 8 E. 13th St., New York, N. Y. 

Mr. Max Gilstrap, The Christian Science Monitor, Boston, Mass. 

Special Service Bureau, United Press, Daily News Bldg., New York, N. Y. 

Your committee wishes to express special thanks to Mr. Will A. Whitney for con- 
tributing freely his time in rewriting numerous scientific articles for the x)ress. The 
committee also wishes to express its gratitude to the Editor in Chief, the printers, and 
others for their appreciation of our needs and for the assistance they have rendered. 

J. A. PiNCKARD, Chairman, 0. C. Botd, C. T. Gregory, 

J. H. Jensen, Frank McWhorter, A. G. Newhall, 

G. H. Starr, A. J. ITllstrup, G. F. Weber, P. A. Young 

Report of the Committee on Regulatory Work and Poreigix Plant Diseases. The 
conference on Virus diseases from the Plant Quarantine Standpoints^ was held in 
Dallas, Texas, as scheduled on December 29, 1941, with about 60 in attendaneo- 

An introductory paper by Eubanks Carsner called attention to a number of foreign 
virus diseases worthy of consideration from the quarantine viewpoint, and a second paper 
by S. A. Bohwer discussed the limitations within which plant quarantines would have to 
work to give effective exclusion of these virus troubles. He further requested the Society 
to aid the quarantine authorities in the formulation of a corrct national policy toward 
foreign virus diseases, and to recommend any of these for which quarantine action would 
be justified. 

These papers and subsequent discussion brought out several points worthy of mention. 

1. It was emphasized that there is a great lack of knowledge on foreign virus dis- 
eases and that studies of these by competent pathologists, especially in their native homes, 
would be a basic need for intelligent quarantine action. 

2. Inspection methods have a very limited usefulness as a quarantine procedure, since 
the presence of a virus in most incoming plant materials cannot be determined either by 
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examination or by any practical tests now available. The need for developing virus 
detection methods was stressed. 

3. Various types of quarantine detention for imported plant material likely to carry 
virus infection were mentioned, including growing the plants here under close observation 
until health was assured, and the possibility of a more effective isolation, such as could 
be maintained on an isolated island. Tests by cross inoculation would be a useful feature 
of this procedure. 

4. There would be some usefulness in sending our own plants or their varieties to 
foreign regions to test their reaction to specific virus diseases occurring abroad, and not 
yet introduced here. 

5. The difficulty of eliminating a virus from living plants by suitable treatment was 
recognized, and this valuable possibility in quarantine procedure should be energetically 
explored to add other treatment methods to the few highly suggestive accomplishments 
already known in this field. 

6. Note was taken of the need for a greater number of workers technically trained 
in virus diseases for service in quarantine problems. 

^Recommendation 

Mr. Rohwer in his address and in the discussion which followed made it clear that 
the Bureau of Entomology and Plant Quarantine was calling on the Society for its aid 
in solving the plant quarantine problems involved in foreign virus diseases by expressing 
its constructive opinion on two points: (1) What should be the correct national quaran- 
tine policy toward foreign virus diseases? And (2) recommendations as to any specific 
virus host; or plant group, or virus complex for which in the interests of this country 
quarantine action is regarded as justifiable. 

Naturally no adequate answer could be made to these questions in the conference 
itself, and your committee therefore recommends, as a step toward eventual preparation of 
such answer as may be possible, that this committee be authorized to canvass those mem- 
bers concerned in virus disease activities on the two points raised, With a view to present- 
ing their comment and opinion at a subsequent meeting of the Society for its consideration. 

W. A. McCubbin, Chairman 
M. E. Harris 
A. A. Bitancourt 

Final Report of the Committee on 30 -year Index of Phytopathology. The first 
half of copy for the 30-Year Index of Phytopathology was taken to the printer on May 
9th and the remainder on May 16th, 1941. The published index was consigned to the 
U. 8. Mail for subscribers the latter part of September. The Index Committee therefore 
thankfully relinquishes its official status (and work ! ) and entrusts its collective self again 
to the comparative nirvana of the general Society membership. 

As to the index itself, it must now stand or fall on its own metaphorical feet. In a 
task of this size (30,900 author and subject entries, to say nothing of the much larger 
number of volume-page references) and in spite of all due care, it seems inevitable that 
some errors must have crept in. The Chairman would appreciate having any such called 
to his attention for later inclusion in the customary ‘ ^ Errata. ’ ’ 

Frederick V. Rand, Chairman, H. A. Edson, 
George L. Peltier, and N. E. Stevens 

Resolution of Appreciation of Work of F. V. Rand. The Society passed the follow- 
ing resolution and voted that it be published in the report of the 1941 annual meeetmg: 

The American Phytopathological Society, assembled in annual meeting at 
Dallas, Texas, December 29 to 31, 1941, hereby expresses its sincere appreciation 
to Dr. Frederick V. Rand for his service to the Society in organizing and editing 
the 30-year Index of our Journal PHYTOPATHOLOGY. 

His indefatigable energy and devotion to the task, at great personal sacri- 
fice, have placed the Society and the world at large in debt to him for all time. 

The achievement is outstanding. No scientific society has issued an analytical 
index more carefully and critically prepared and edited or more inclusive in its 
scope and usefulness. 

The Society also expresses its appreciation to the members who helped in the 
preparation of index material for individual volumes under Dr. Rand^s direction. 

Howard P. Bars s. Chairman 
E. M. Johnson 
H. A. Edson 

Resolutions of the Committee on Resolutions. RESOLVED that The American 
Phytopathological Society express its appreciation to the American Association for the 
Advancement of Science for the very satisfactory arrangements made by its representa- 
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tives for the meetings of the several sections of our Society^ and particularly for the facili- 
ties provided for projection. 

EESOLVEI) that the Society convey to the management and staff of the Hotel 
Adolphus, and especially to Mr. D. T. Segrest and Miss Harriet Ran, its appreciation for 
the courteous service extended to our members and for cooperation in providing our 
officers and committees with unusually commodious quarters for conducting business and 
scientific programs. ^ 

RESOLYED that the Society express to the Committee on Local Arrangements, A. A. 
Punlap, chairman, A. L. Harrison, L. M. Hutchins, E. W. Lyle, E. L. LeClerg, G. M. 
Watkins, and Y. H. Young, our gratitude for their fine contributions to the success of the 
meeting; and to the banquet committee, K. Starr Chester, L. M. Blank, and W. H. Tharp, 
our appreciation of typical southwestern entertainment. 

RESOLYED that the Society commend A. J, Riker, chairman of the demonstrational 
session, and his aides, P. A. Young and E. W. Lyle, for so efficiently providing facilities 
for this visual means of presenting scientific facts. 

RESOLYED that this Society express its appreciation to R. S. Kirby for Ms four 
years of loyal, conscientious, and effective service as the Society ’s Secretary. 

RESOLYED that this Society on behalf of its members express to the officers and 
members of committees our sincere appreciation for the efforts they have made to promote 
the interests of the Society throughout the year, and to make this annual meeting instruc- 
tive and enjoyable. 

Respectfully submitted, 

O. D. Bubke, Chairman 
G^ H. Godfrey 
James G. Brown 

ACTION BY THE SOCIETY AT THE 1941 DALLAS MEETING 
Elections and Appointments. The appointments made, as provided by the Consti- 
tution, by the President or the Council since the previous meeting, were approved by the 
Society in business session. The election committee opened and counted the ballots, and 
the results were announced to the Society at the banquet. The names of those elected 
and appointed appear earlier in this report in the list of officers, representatives, and com- 
mittees. Seventy-five applicants were elected to membership. 

The Society confirmed the CounciPs appointment of the following new members to 
the Editorial Board of PHYTOPATHOLOGY: George L. Peltier, C. O. Johnston, A. G. 
Plakidas, and E. S, Schultz. 

Reports of Officers, Representatives, and Committees. The reports for the year 
1941, as presented on previous pages, were read and accepted. 

Revision of Constitution. The Society confirmed the CounciPs recommendation 
that Article YII of the Constitution read as follows: 

ARTICLE YII 

Editors, Committees, and Appointments 

The Editors of the official organ of the Society shall be selected by the Coun- 
ciT subject to the approval of the Society, 

Temporary, Special, and Standing committees may be appointed at the 
discretion of the Society. 

Standing committees, having revolving membership, shall be appointed by 
the Council to deal with matters pertaining to Society relationships. 

Special committees shall be appointed by the Council to deal with plant 
pathological problems of general interest to the Society. Each special com- 
mittee shall be continued for such period as in the judgment of the Council may 
be needed for the accomplishment of its purpose. A final report shall be made 
at the termination of this period. 

Temporary committees shall be appointed by the President to serve during 
his administration. 

Revision of Standing Rule 9. The Society confirmed the Councils recommendation 
that Standing Rule 9 read as follows : 

^'The following shall be selected by the Council and approved by the 
Society: two representatives on the Council of the American Association for the 
Advancement of Science for a two-year term; one representative on the Division 
of Biology and Agriculture of the National Research Council for a three-year 
term ; one trustee on the Tropical Plant Research Foundation for a five-year 
term; and, one member of the Editorial Board of the American Journal of 
Botany for a three -year term. 
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It was also recommended and confirmed tliat the subsistence expenses; of our repre- 
sentative will be paid at the meeting point. The ticket and subsistence enroute will 
be paid by National Eesearch Council. 

Revision of Standing Rule 6d. It was recommended by the Council and confirmed by 
the Society that Standing Rule 5d. be deleted to read as follows: 

‘^d. Meetings of. Whenever The American Phytopathological Society 

meets within the territory of a Division, the Division shall merge its program 

with that of the parent Society. ^ ^ 

Society Affiliation. The Council recommended and the Society confirmed the affilia- 
tion of The American Phytopathological Society with the American Society of Agricul- 
tural Sciences. 

Committee on New Memberships and Subscriptions. At the request of the com- 
mittee, the Society confirmed the CounciPs recommendation that the Committee on New 
Memberships and Subscriptions be discontinued. 

Advisory Committee. At the request of the committee, the Council recommended 
and the Society voted that the Advisory Committee on Society Activities and Programs 
be discontinued. Appreciation was expressed of the fine work done. 

War Emergency Committee. The Council recommended and the Society confirmed 
the appointment of a special committee on War Emergency, composed of E. 0. Stakman, 
J. G. Leach, and R. P. White, with power to expand the committee, with the understanding 
that they will add to their membership one man from each of the five regional groups and 
as many more as in their judgment would be advisable. Megional representatives are: 
Northeast, J. G. Horsfall; Middle Atlantic, R. S. Kirby; Upper Mississippi Yalley, I. E. 
Melhus; South, George M. Armstrong; Pacific Coast, Max Gardner. Representative of 
Industry: J. E. Adams. Representatives from U. S, Department of Agriculture : 11, P. 
Barss, W. A. McCubbin, R. J. Haskell. Canadian Representative : P. J. Greaney. Ex- 
officio members : Lee M, Hutchins and Gp C. Allison. 

Recognition of Merit Committee. The Society confirmed the CounciPs recommenda- 
tion that the incoming President appoint a temporary committee to study the matter of 
some form of recognition for outstanding papers presented before our Society, and that 
the papers be considered for the A.A.A.S. prize. 

Classification of Committees. The Society confirmed the CounciPs classification of 
Society committees in accordance with the newly adopted revision of Article YII of the 
Constitution. 

Demonstration Session. The Society confirmed the CounciPs recommendation that 
the demonstration session be continued, and that the rules for presentation of regular 
papers apply to the demonstration session. 

Committee expenditures. The Society approved the CounciPs recommendation that 
committee expenditures will be honored by the Treasurer only when previously approved 
by the Council. 

Summer Meeting. The Council recommended and the Society voted that the matter 
of place and date of a summer meeting be decided by the Program Committee. 

The 194r2 Annual Meeting. The Society confirmed the CounciPs recommendation 
that we plan to meet with the A.A.A.S. next year. 
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LEE ELLIS MILES 
September 25, 1890“May 10, 1941 

Lee Ellis Miles was graduated from Wabash College in 1914, with 
the degree of Bachelor of Arts, and in 1920 he received the degree of 
Doctor of Philosophy from the University of Illinois. He spent the 
summer of 1940 at Harvard University in special mycological studies. 

Prom 1917 to 1920, Dr. Miles held a fellowship in plant physiology 
at the University of Illinois and during the summers of 1919 and 1920 
he was employed by the Bureau of Plant Industry, U. S. Department 
of Agriculture. Prom 1920 to 1922, he served as plant pathologist for 
the Mississippi State Plant Board. Prom 1922 to 1927, he was Plant 
Pathologist at the Alabama Agricultural Experiment Station and Pro- 
fessor of Plant Pathology at the Alabama Polytechnic Institute. In 
1927--1928, he was Assistant Plant Pathologist at the Washington Agri- 
cultural Experiment Station and Assistant Professor of Plant Pathol- 
ogy at the State College of Washington. From 1928 to the time of his 
death, he served as Plant Pathologist at the Mississippi Agricultural 
Experiment Station. 

While Dr. Miles had rather wide interests in the field of plant 
pathology, his most active interests in recent years were with the dis- 
eases of cotton. He had an active mind, a forceful yet pleasing per- 
sonality, and a host of friends. '' . 
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OTIS CHESTEE WHIPPLE 
February 18, 1907~February 13, 1941 


Otis Chester Whipple attended Le Verne College (Los Angeles), 
Junior College (Sacramento), and the University of California, was 
graduated from the latter in 1933 with the degree of Bachelor of Sci- 
ence, and received the degree of Doctor of Philosophy from the Univer- 
sity of Wisconsin in 1937. 

In 1937, Dr. Whipple was appointed to an instructorship in plant 
pathology at the University of Wisconsin, which position he held to 
the time of his death. 

Dr. Whipple did notable work on diseases of truck crops. He was 
a young man of unusual promise as an investigator and his pleasing 
personality won him friends not only among his colleagues but also 
among growers, canners, and others with whom he came in contact. 



EREATA, VOLUME 31 * 

Page 7, line 6, read results mean tliat for results to. 

Page 234, paragraph 2, line 7, reacZ. these'/^^ there. " . 

Page 238, footnote, l^read J. B. ¥ljnnfor J. S. Flynn. 

Page 357, line 10, read aun^iii for auraniidi. * 

Page 423, table 1, read Microsiphum pisi Kalt. for MicrostpMim pisi Koli. 
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rots some of . . . 

Page 568, table 2, read granulatus for granulatm 
Page 627, line 12, read reason for region. ^ 

Page 673, line 14, read first leaf appeared for first appeared. 

Page 935, citation 16, r^ad In press for Plant Physiol. 16 : 1-18. 1941. 

Page 935, citation 17, read Willis for W'llis. * 

Page 1045, 5th line from bottom, read {8. hold) for (Sholci). 

Page 1076, line 16,’ read 2.5 '/or 25. 


OTIS CHBSTEE WHIPPLE 
1907-1941 

J . C . W A L K E E 

One of the greatest shocks to a group of scientists is the siidden remoyal 
from their ranks by death of a young man on the threshold of a promising 
and useful career. Such wais the case when news w^s received of the sudden 
collapse of Otis Chester Whipple at Kenosha, Wisconsin, while driving alone 
on the highway in connection with his research program in that area. This 
occurred on February 12, 1941; death followed a few hours later, early on 
February 13. 

Whipple was born at Carrington, North Dakota, on February 18, 1907. 
He came from a long line of pioneers, one of whom had signed the Declara- 
tion of Independence. His parents had moved from Missouri shortly before 
his birth and when he wasisix years of age they went to California, where 
they are still engaged in fruit-growing near Sacramento. As a farm boy, 
Otis Whipple became thoroughly familiar with the practical aspects of agri- 
culture, an experience that contributed to his pioneering but sound ap- 
proach to applied plant pathology in later y^rs. After graduation at 
Sacramento High School ' in 1926, "he attended LaVerne College at Los 
Angeles for two years. He then returned to farming for another three 
.years, attending Junior Qollege at Sacramento for a year during that inter- 
val. He entered the University of California in 1931, where* he recieived 
the Bachelor of Science degree in 1933. 

During ""a year a;t Davis, California, under the guidance of Dr. J. B. 
Kendrick, he developed an interest in plant pathology that contiiitied dur- 
ing his senior year and his* first year of graduate study at Berkeley uuder Dr, 
M. W. Gardner. In the autumn of 1934 he transferred to the University 
of Wisconsin for further graduate studies leading to the Doctor ^s degree, 
which was granted in June, 1937. He was appointed tomn instructorship 
in plant pathology at the University of Wisconsin in July, 1937, and held 
that position until his death. During this period he was in charge of the 
truck-crop-disease summer field laboratory near Kenosha in southeastern 
Wisconsin. On October 23, 1937, he was united in marriage with Miss Joan 
Young of Racine, Wisconsin, who survives him. 

Whipple -was a careful and original investigator. He showed these 
instincts early in hjs work with Dr. Gardner on spotted wilt of tomato and 
other plants. His researches at Wisconsin^ had to do primarily with dis- 
eases of the tomato and carrot, with several virusMiseases of peas, beans, 
carrots, and cucumbers, and with spraying of potatoes, tomatoes, and other 
truck crops for disease control. At the time of his death he had won his 
spurs as a mature, independent investigator of unusual promise. He en- 
joyed the friendly respect and high regard of his colleagues, while outside the 
laboratory he quickly won the friendship and confidence of growers, canners, 
and other agriculturists with whom he came in contact. 

[Volume 32, Number 5, Mat, 1§42] 
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OTIS CHESTER WHIPPLE 
(1907-1941) 

Publications in ■which Dr. Whipple was sole or joint author follow 


Spotted wilt of tomatoes and its transmission by tbrips. (Abstract) Phytopath. 24 : 1136. 

Spotted wilt of truck crops and ornamental plants. (Abstract) Phytopath. 25: 17. 1935. 
Spotted wilt of garden pea. Phytopath. 26 : 918-920. 1936. 

Two strains of cucumber virus on pea and bean. (Abstract) Phytopath. 28: 22. 1938. 

Strains of cucumber mosaic virus pathogenic on bean and pea. Jour. Agr. Res. rU.S.l 

65- 97-60 104.1 r to u J 





HETBEOTHALLISM AND VARIABILITY IN VBNTURIA 

PIRINA" 

M. H. Langford and G-. W. K e i t t 
(Accepted for publication July 28, 1941) 

Knowledge of variability in the pathogen is a basic factor in the nnder- 
standing of infections diseases and their control. Eecent contributions to 
the knowledge of reprodnction in the fungi {e.g., 3, 4, 6, 7, 10, 18, 22) have 
greatly facilitated genetic studies on phytopathogenic fungi. Demonstra- 
tions that new races of pathogenic fungi may arise by hybridization or muta- 
tion (24) have increased the knowledge of heritable variation in certain 
fungous pathogens. While extensive studies of variability and inheritance 
have been made on the rust and the smut fungi (24) and certain saprophytic 
Ascomycetes, especially Neurospora {e.g,, 7, 8, 9, 20), the parasitic Ascomy- 
cetes have received less attention. Keitt and Palmiter (17) and Keitt and 
Langford (16) have recently studied variability and inheritance in the apple 
{Malus sylvestris Mill.) scab pathogen, Venturia inaequalis (Cke.) Wint. 
The present paper reports similar work on the closely related fungus, Yen- 
iuria pirina Aderh., the causal agent of pear {Pynts commtmis L.) scab. 

Wiesmann (26) showed that Venturia inaequalis and V. pirina are spe- 
cies comprising many biotypes that differ in pathogenicity and in morpho- 
logic and physiologic characters. His essential findings with reference to 
V. pirina were confirmed and extended by Herbst (13). Herbst, Kudloff, 
and Schmidt (14) state that, although valid proof is lacking, it may be 
assumed that the morphotypes of Y, pirina and of several other species of 
Yentiiria are hereditary races in which combinations occur. Keitt and 
Palmiter (17) have reviewed literature relating to inheritance in F. in- 
aequaUs and have shown experimentally that combinations are a major 
source of heritable variations in that fungus. 

The work reported herein has dealt with 5 sets of monoascosporic isolates 
of T. pirina, each set comprising 8 isolates from a single ascus, with record 
of the serial order of the spores. A brief preliminary report of this study 
has been published (19). 

ISOLATIOISr OP THE SETS OP 8 SPORES 

In July, 1938, the 8 spores from each of 5 asci were isolated from Anjou 
pear leaves that had been collected in March near Hood River, Oregon, and 
forwarded to the writers by Mr. Leroy Childs. These leaves were kept air- 
dry at 4® C. until the isolations were made. The method of isolation has 
been reported elsewhere (16). 

After all the spores from an ascus had been isolated and had germinated, 
each was transferred to a separate plate of malt agar. The isolates were 

1 Published with the approval of the Director of the 'Wiseoiisin Agricultural Experi- 
ment Station. This work was supported in part by a grant from the Wisconsin Alumni 
Research Poundation. 
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iinmbered in the order of occurrence of spores in the ascns, hegimiing with 
the apical one. The sets of 8 spores were designated A, B, C, D, and B in 
the order of their isolation. Each asciis wns taken from a different peri- 
thecimn. 

cultural characters op the isolates 

■Wiesmann (26) and Herbst (13) have shown that monosporic cultures 
of V enhiria pirina grown m vitro vary greatly in morphologic and p)hysio~ 
logic characters. The experiments reported below were performed to study 
the differences in cultural characters of the 8 isolates from each of several 
asei and to gain evidence as to the constancy of these characters through 
several successive monoconidial transfers. 

Materials and Methods 

The isolates were grown at 16° C. on malt agar (Tromnier’s malt extract, 
2.5 per cent; agar, 1.7 per cent). When the ascosporic colonies w^'ere 12 days 
old, the conidial production, diameter, density, and type of growdh of each 
colony were recorded, and a photomicrograph was taken. Then mycelial 
transfers and monoconidial transfers were made to malt-agar slants and 
plates, respectively. Throughout the investigation the mycelial transfers 
were carried independently of the monoconidial transfers described below. 

Prom each of the 40 ascosporic colonies, 7 monoconidial transfers were 
made by the method described by Keitt and Langford (16), 3 to plates con- 
taining 10 ce. each of clear malt agar and 4 to plates containing 20 cc. After 
the former had been incubated 12 days, a record similar to that described for 
the ascosporic colonies was taken. The second group of plates was kept 8 
weeks, then photographed. A record was taken of the conidial production, 
color, type of margin, and diameter of each colony. 

Thereafter, the 16 isolates of sets C and E w^ere carried in quadruplicate 
by monoconidial transfers. At the end of each 8-week period, the cultures 
were characterized as described above, and monoconidial transfers were 
made. The isolates were cariued in this manner through 8 successive 
transfers. Photographs were then taken for comparison with those of the 
ascosporic colonies. All isolates were carried on malt agar slants at 16° C. by 
mycelial transfers at 8-w^eek intervals. 

Results 

Differ e7ices of Isolates , — The 8 isolates of each set comprised 4 groups of 
2 isolates each on the basis of colony characters. The 2 isolates of each pair 
w^ere identical in colony characters, but distinguishable from all other pairs. 
Thus, among 40 isolates studied, 20 colony types could be distinguished. 
Figure 1 illustrates this for sets B, C, and E. 

Each group of 2 isolates showing the same colony characters, hereinafter 
designated pairs of isolates, usually wrere derived from adjacent spores in 
the ascus. Thus, figure 1 shows that in sets B and C the pairs are 1-2, 3-4, 
5-6, 7-8, while in set E they are 1-2, 3-5, 4-7, 6-8. The occurrence of pairs 



1942] Langford and Keitt: Heterothaleism and Variability 359 



Fig. 1. Monoconidial colonies of Venturia pirina after 8 weeks on malt-agar plates 
at 16° C. The isolates in each set are numbered in the order of occurrence in the asciLs 
of the 8 spores from which they were derived: upper row, left to right, 1, 2, B, 4; lower 
row, 5, 6, 7, 8. x A. Set B. B. Set C. 0. Set E. 
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of isolates in set D is tlie same as that given for set B ; in set A it is 1-2, 3-5, 
4-6, 7-8. 

Assuming that the third nuclear division in the ascus is equational, three 
possible explanations are offered for the failure in some cases of spores of 
like genetie constitution to lie next to each other in the ascus: (a) The spin- 
dle fibers may be crossed during the third nuclear division. Bor example, 
the spindle fibers of nuclei 1 and 2 may overlap those of nuclei 3 and 4, 
thereby putting nucleus 3 nearer the apex of the ascus than nucleus 2. (b) 

One nucleus may migrate beyond another before free spore formation begins, 
(e) Spores may change position. Thus, the arrangement in sets D and E 
could have resulted from spores (or nuclei) 4 and 5, also, 6 and 7, exchang- 
ing places. The arrangement in set A similarly could have resulted from 
exchange of position of spores 4 and 5. 

The nature and extent of differences in colony characters among pairs of 
isolates within a set varied in the several sets. Thus, the isolates in set B 
(Pig. 1, A) differed little in growth rate, density, type of margin, or eleva- 
tion of the central mass, whereas those in set E (Pig. 1, G) differed markedly 
in all these characters. 

The basic color of the aerial mycelium of all isolates studied was brown. 
The shade of brown, however, varied greatly among the different pairs of 
isolates. Colonies were often zonate, the center usually being lighter than 
the outer zones (Pig. 1). 

Certain pairs of isolates produced conidia more profusely than others. 
However, since sporulation was abundant in all cases, no attempt was made 
to classify the isolates on the basis of conidial production. Also, since the 
conidia produced by any isolate varied greatly in size, no attempt was made 
to determine differences in size of conidia produced by different isolates. 

Constancy of Culhtral Characters . — ^A comparison of A and B of figure 2 
shows that the 8 isolates of set C had undergone little change in microscopic 
colony characters after passing through 8 successive monoconidial transfers. 
The macroscopic colony characters showed similar constancy. Set B, barring 
sectors, remained equally constant in culture. Of the 8 isolates in set C, 232 
monoconidial plate cultures were grown for 8 weeks each during the period 
of 16 months covered by this study. No sectors appeared on any of these. 
On 220 cultures of set E, grown during the same period and under like con- 
ditions, one or more sectors appeared on each of 5 different isolates, a total 
of 8 sectors having been recorded. Thus, under the conditions of this experi- 
ment, the isolates of set E were less stable than those of set C. 

Several sectors were isolated and grown under conditions similar to those 
described for the original isolates. Those that produced no conidia were 
propagated from hyphal tips. All sector lines had a higher growth rate, as 
indicated by colony diameter, and produced fewer conidia (none in some 
cases) than the isolates from which they sprang. They also differed from 
the original isolates in color, gray sectors frequently arising from brown 




Fig. 2. Photomicrographs of monosporic colonies of the 8 isolates of set C, of 
Vent'uria pitina, after 12 days on malt-agar plates at 16° C. The isolates in each figure 
are numbered in the order of occurrence in the ascus of the 8 spores from which they were 
derived: upper row, left to right, 1, 2, 3, 4; lower row, 5, 6, 7, 8. A. Ascosporic 


colonies, photographed July, 1938. 
photographed October, 1939. x 6. 


x7. ^ Colonies of the 8th monoconidial transfer, 


colonies. The colony characters of all sectors have been maintained through 


several transfers. 

BREEDING THE FUNGUS IN VITRO 

The writers know of no ease in which the production of ascospores of 
VcntuTid pirind in culture has hitherto been reported. In order to determine 
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wlietlaer this fungus is lieterothallic or homothalliCj a method of producing 
the ascigerous stage in vitro was desired. In 1938, Keitt and Palmiter (17) ^ 
working with the closely related fungus, F. inaequahs, reported that peri- 
thecia were j)roduced m vitro from some compatible pairings, but not from 
others. Later, Keitt and Langford (16) developed a method by “which 
mature perithecia of V. inaeqnalis are produced in vitro consistently and 
abundantly. This method, with modifications, was used in producing the 
perfect stage of F. pirina in plate cultures. 

Materials and Methods 

PreMminary Experiments. — ^Keitt and Langford (16) found that addi- 
tion of a decoction of dead apple leaves to malt agar greatly improved it as 
a medium for growing the ascigerous stage of F. inaequalis. Similar use of 
a decoction of dead pear leaves in the present work gave like results with 
F, pirina. The decoction from leaves of a variety (Kieffer) resistant to the 
isolates studied was as effective as one from a highly susceptible variety 
(Anjou), whereas a decoction from McIntosh apple leaves did not stimulate 
production of perithecia of the pear-scab pathogen. Ash from dead pear 
leaves showed little or no stimulatory effect. The nature of the stimulatory 
substance has not been further investigated, but it would appear to be some 
thermostable organic component of the dead leaves. 

Alfalfa stems, sterilized and placed on malt agar before it had solidified, 
gave a local stimulatory effect, which was, however, less marked than that 
produced by dead pear leaves. Perithecia were found in some cases paiffly 
imbedded in the stems. Pear twigs, used similarly, gave only a slight stimu- 
latory effect, and in no case were perithecia found growing on, or imbedded 
in, the bark. 

The Method Used. — ^A small piece of mycelium from each isolate was 
macerated in a separate flask of sterile water. For each pairing about 1 cc. 
of this suspension of spores and mycelium wms poured from each of the 2 
desired flasks into a sterile Petri dish. Then 20 cc. of malt agar (Trommer ^s 
malt extract, 0.5 per cent; agar, 2.5 per cent), in which a decoction of dead 
pear leaves had been incorporated, was added to each plate after having been 
cooled to about 42° C. In order to mix the 2 isolates well, the plate was 
rotated before the medium had solidified. 

The leaf decoction was prepared from dead pear leaves that had been 
collected in September and stored air-dry in the laboratory. They were 
placed in a pan, covered with distilled water, and steamed in an Arnold 
sterilizer for 40 minutes. The decoction from 25 grams of these leaves was 
incorporated in each liter of medium. The medium was then sterilized at 
15 pounds^ pressure for 20 minutes. 

Using the medium and the technique described above, each of the 40 iso- 
lates of the 5 sets was grown separately, and each was paired with every 
other isolate within its own set of 8. Also, each isolate in set A was paired 
with each one in set C ; and likewise, set B was paired with set D. 
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Additional pairings were made on dead pear leaves in test tubes. In each 
tube a leaf was placed so that it adhered to the glass wall and dipped into 
a 0.5 per cent malt extract decoction, about 3 cc. of which was put into each 
tube. After sterilization, these leaves were smeared with the fungus. All 
possible pairings within each of the 5 sets of isolates were made in this 
manner. 

Both the plate and the tube cultures were incubated at 20° C. for 12 days, 
then at 7° C. until the perithecia came to maturity. The higher temperature 
was used during the first 12 days to favor vegetative growth without too 
abundant formation of conidia. The lower temperature cheeked vegetative 
growth and favored the formation of perithecia. 

Eesults 

Perithecial initials were first observed in some of the cultures 26 days 
after the experiment was started, or 14 days after the temperature was 
lowered to 7° C. Ten days later initials were abundant in most cultures. 
An examination at this time showed that each isolate grown singly had pro- 
duced both antheridia and ascogonia; thus the fungus is hermaphroditic. 
Several antheridia were appressed to the triehogyne of each perithecial 
initial observed. After the cultures had been incubated for 2 months, about 
half of the loairings had produced abundant perithecia, which were large 
enough to be visible to the naked eye. Asci were found in some of these. 
Three weeks later mature ascospores were first observed. An additional 
month was required to bring the perithecia in most pairings to the peak of 
maturity, while other pairings produced no mature ascospores until still 
another month had passed. Thus, some pairings produced ascospores in less 
than 3 months while others required almost 5 months. Since all plates were 
seeded at the same time and were grown under like conditions, this difEerence 
in time of maturity is thought to be due to a difference in the genetic consti- 
tution of the isolates. Attention is invited to the fact that after the first 
12 days the plates were incubated at 7° C. It is likely that the time required 


TABLE 1 . — Production in vitro of perithecia and ascospores of Venturia pirina from 
pairings of the 8 monoaseosporic isolates of set 


Isolate 

number^ 

Isolate number 
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0 
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0 

0 
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1 0 

1 


a 0 :=No perithecia, initials only. + = Perithecia containing viable ascospores. 
b The isolates are numbered in the order of occurrence of the spores in the ascus, 
beginning with the apical one. 
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foi’ all pairings to produce mature peritkecia would have been shortened by 
incubating the plates at a higher temperature after the early ascus stage was 
reached. 

Table 1 sho-ws that on the basis of sexual compatibility the 8 isolates of 
set B fall into 2 groups of 4 isolates each, which are intra-group incompatible 
and inter-group coni|)atible. Similarly, the isolates of each other set can be 
divided into 2 groups. All isolates used in this study were found to be self- 
incompatible. 

The results of all possible pairings of the isolates in set B with those in 
set D are shown in table 2. The 16 isolates of these 2 sets fall into 2 groups 


TABLE 2 . — production in vUro of perithecia and ascospores of Venturia pirina from 
pairings of the 8 monoascosporic isolates of set B with those of set Da 


Isolate 

number 

set 

Isolate number, set I)^ 

1 

2 

! ^ 

5 

4 

I 6 

7 

8 

1 

+ 
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+ 

JL 
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0 

0 

0 
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+ 
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+ 

0 

0 
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+ 
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+ 
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+ 

+ 

0 

0 

0 

0 

5 

0 

0 
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+ 

+ 

■ + 

+ 

6 

0 

0 

0 

* 0 

+ 

+ 

+ 

+ 

7 

0 

0 

0 

0 

+ 


+ 

+ 

8 

0 

0 

0 

1 « 

+ 


+ 



a 0 = No perithecia, initials only. += Perithecia containing viable ascospores. 
See footnote b, table 1. 



of 8 isolates each ; isolates B 1, 2, 3, 4, and D 4, 6, 7, 8, composing one group, 
while B 5, 6, 7, 8, and D 1, 2, 3, 5, compose the other. The isolates of each 
group are intra-group incompatible and inter-group compatible. Pairings 
between sets A and C gave similar results. There has been no indication in 
this work of more than 2 groups for sexual compatibility. 

It was mentioned earlier in this paper that some compatible pairings of 
isolates produced mature perithecia much earlier than others. Figure 3 


Peritheem of Venturia pirina produced in vitro from fertile pairings of 
isolates, all of which were grown under similar conditions, x 2. A. C 1 x G 3, showing 
large perithecia. B. 0 1x0 8, showing small perithecia. C. E 3 x E 8, showing 
abundant perithecia. D. E 7xE 8, showing sparse perithecia. 
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shows the variation in nnmber and size of perithecia produced by different 
compatible pairings. The mature perithecia produced by C 1 x C 3 averaged 
about 225 |j in diameter, while those produced by C 1 x C 8 averaged no more 
than 75 jj. E 3 x E 8 produced at least 25 times as many mature perithecia 
as B 7 X E 8. Furthermore, a single perithecium of the former pairing con- 
tained several times as many asci and ascospores as did one of the latter. 

The results given above were obtained from plate cultures containing 
malt agar in which a decoction of dead pear leaves had been incorporated. 
The cultures on sterilized pear leaves plus malt decoction in test tubes gave 
similar results. The latter medium, however, is much less satisfactory. 

PATHOGENICITY OP THE ISOLATES ON 6 PEAR VARIETIES 

In selecting pear varieties for pathogenicity tests with 2 sets of isolates, 
an attempt was made to use varieties representing different degrees of sus- 
ceptibility as reported by most investigators {e.g., 1, 2, 5, 11, 21, 23) in this 
country. Thus, Anjou, Flemish Beauty, Duchess, Seckel, Bartlett, and 
Kieft'er were used. The first 4 varieties are generally listed among the more 
susceptible ones, while Kieffer is usually classed as highly resistant. Bart- 
lett is considered relatively resistant by most American workers but is classed 
as highly susceptible in Australia (12, 25). 

Materials and Methods 

One-year-old pear trees were obtained from a nursery in midwinter. The 
tops were cut back to 18-ineh whips, and the roots were trimmed to fit into 
8-inch pots. After being potted the trees were kept in a basement at lO'^ C. 
for 12 days, then moved to a greenhouse where the temperature was approxi- 
mately 16° C. By keeping all buds except 2 rubbed off, 2 vigorous shoots 
were obtained on each tree. After 8 or 10 leaves had developed on each 
shoot, the trees were inoculated by atomizing both surfaces of the leaves 
with a standardized suspension of conidia obtained from cheesecloth “wicks’’ 
adherent to the inner wall of 6-ounce bottles, each of -which contained about 
25 cc. of 2.5 per cent malt extract (Trommer’s) solution (17). 

In the latter part of March inoculations were made with each of the 16 
isolates of sets G and E. One tree of each variety was inoculated with a given 
isolate. An uninoculated tree was included in each group as a control. The 
trees were kept in the moist chamber (15) at 16° C. for 48 hours, then 
returned to the greenhouse, where they were kept 4 weeks before results were 
taken. 

After the results of the first inoculation had been recorded, one heavily 
infected leaf was picked from each of the Anjou trees, air-dried, and stored 
in a refrigerator at 4° C. The shoots on all trees were then cut back to about 
2 inches and sprayed with Bordeaux mixture. From the buds in the leaf 
axils, 2 new shoots were allowed to develop on each tree. By June 1 these 
shoots had 6 to 10 leaves each. The experiment was repeated, inoculating 
the same trees with the same isolates that were used in the first inoculation. 
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One shoot on each tree was inoculated with eonidia from culture and covered 
with a glassine bag, while the other shoot was inoculated with eonidia of the 
same isolate from an Anjou leaf. During the day the greenhouse tempera- 
ture usually rose somewhat above 16° C., but the similarity of the results to 
those obtained in the first experiment would indicate that this had little 
effect on disease development. 

Results 

Table 3 shows the results of inoculations on 6 pear varieties with the iso- 
lates of set C. The inoculations in March and those in eJune gave similar 


TABLE 3. — BesiiJts^ from inoculating pear leaves in the greenhouse with the 8 
nionoascosporic isolates of Venturia pirina of set C 


Variety 

Isolate iiumberb 

1 

2 

3 

4 

5 

6 

7 

8 

Anjou 

-H- 

-H- 

++ 

-H- 

++ 

-H- 

-H- 

++ 

Elemisb Beautv 


-K- 

++ 

-H- 

++ 

++ 

-H- 

44- 

Duchess 

+ 

-f 

- 


+ 

+ 

... 

— 

Seckel 


— 

- 

1 “ 

— 


_ 

— 

Bartlett 

0 

0 

0 

0 

: 0 

0 

0 

0 

Kieffer 
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0 

0 

0 

1 

0 

0 

0 


a -H- ~ Abundantly sporulating lesions. -1- = Moderately or sparsely sporulating’ lesions. 
- = Yellowish flecks (no sporulation). 0 = No macroscopic evidence of infection, 
b See footnote b, table 1. 


results in practically all cases. In the few instances in which any difference 
was observed, the higher values are given in the table. The inoculations with 
eonidia from the host (Anjou leaves) and those from culture gave similar 
results in both number of lesions and type of infection. 

The differences in varietal susceptibility to the 16 isolates tested are very 
striking. All isolates incited abundantly sporulating lesions on the leaves 
of both the Anjou and Flemish Beauty varieties, while none gave any macro- 
scopic evidence of infection on either Bartlett or Kieffer. All isohites incited 
yellowish flecks but produced no eonidia on Seckel leaves, and the 8 isolates 
of set E gave a similar result on Duchess. The 8 isolates of set C, however, 
comprised 2 groups of 4 isolates each as regards pathogenicity on the Duchess 
variety. Isolates 1, 2, 5, and 6 incited sporulating lesions, whereas isolates 
3, 4, 7, and 8 gave only flecks. Inoculations with one sector line incited no 
infection on any variety, while another sector line gave lightly sporulating 
lesions on Anjou. No lesions or flecks developed on any of the control (unin- 
oculated) trees. 

DISCUSSION 

On the basis of colony characters, each set of 8 isolates from a single ascus 
of Yenturia pirina was found to comprise 4 distinct groups of 2 isolates each. 
The 2 members of each of these pairs of isolates, which were indistinguishable 
from each other by any test tried, were derived, with certain exceptions that 
have been discussed earlier in this paper, from spores that lay next to each 
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other in their order from apex to base of the ascns. It would appear, there- 
fore, that, as in the ease of V, inaequalis (IQ), the third nuclear division in 
the aseus is equational. 

The constancy of colony characters and the maintenance of conidial pro- 
duction through 8 successive monoconidial transfers on malt-agar plates 
would indicate that the method employed has considerable merit for main- 
taining pure-line cultures. Since a sector of any considerable size can be 
seen easily on a plate culture, and since most sectors produce conidia sparsely 
or not at all, this method minimizes the possibility of unwittingly making 
the transfer from a sector, rather than from the original colony. 

The breeding experiments show that Yeniuria pirina is heterothallie, in 
the sense that the 8 monosporic isolates from each ascus studied comprise 
2 groups of 4 isolates each with reference to sexual compatibility, the iso- 
lates being hermaphroditic, self -incompatible, intra-group incompatible and 
inter-group compatible. Evidence from the serial order of the spores in the 
ascus in relation to the behavior of the isolates indicates that segregation for 
sexual compatibility may occur alternatively in the hrst or the second 
nuclear division in the ascus (c/. 16). 

The differences among the several isolates in the quantity of conidia pro- 
duced -were not nearly so great as those among fertile pairings in the quantity 
of ascospores borne. Moreover, under similar conditions, certain pairings 
produced mature ascospores in 3 months, while others required 5 months. 
These differences, in both abundance and time of maturity of the ascospores, 
are thought to be traceable to differences in the genetic constitution of the 
isolates. It is well known that ascospores may be discharged from leaves in 
the field over a period of many weeks. Childs (5) reported that in the Hood 
River Valley of Oregon (the source of the isolates used in this study) asco- 
spores may be discharged from February to September. Although other 
factors exert an influence, it is suggested that the difference in time required 
for different pairings of isolates to produce mature perithecia may be an 
important factor in prolonging the period of ascospore discharge in nature. 

No variety of Pyriis commimis is known to be immune from scab. A sur- 
vey of the literature, however, shows a lack of agreement among investigators 
concerning the relative susceptibility of many pear varieties. In some cases, 
varieties that have been classed as resistant in certain countries or localities 
have been highly susceptible in others. Doubtless, differences in the environ- 
mental conditions and the consequent influence on host susceptibility offer 
a partial explanation for these discrepancies, but the available evidence indi- 
cates that variability in the pathogen is, also, a major factor. Herbst (13) 
reported the occurrence in some localities of forms oi Yeniuria pirina 
capable of attacking varieties that in other localities remained free of infec- 
tion. The isolates used in the present study gave only flecking without sporu- 
lation on the Seckel variety, which has been reported as highly susceptible 
by most American investigators 2, 11, 21) ; and no isolate gave any 
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macroscopic evidence of infection on Bartlett, whieli has been reported as 
highly snsceptible in Australia (12, 25). 

The results of the present study aiford an experimental demonstration 
of segregation for pathogenicity in Veniuria pirina. Isolates 1, 2, 5, and 6 
of set C incited typical sporulating lesions on Duchess leaves, whereas 3, 4, 7, 
and 8 gave only flecks without sporulation. Prom the serial order of the 
spores in the ascus in relation to the behavior of these lines it is apparent 
that in this instance segregation of factors for pathogenicity occurred in the 
second nuclear division in the ascus. 

The facts that the 8 isolates from an ascus comprise 2 groups of 4 isolates 
each with reference to sexual compatibility and pathogenicity, respectively, 
and 4 groups of 2 isolates each on the basis of colony characters, justify the 
conclusion that in Venturia pirina, as in "F. inaequalis (17), both the anther- 
idium and the ascogonium of a fertile pairing contribute hereditary ma- 
terials to the ascospores, and that segregation of genetic factors precedes 
ascospore formation. Combinations, therefore, afford an explanation for 
much of the variation found in this pathogen. 

SUMMARY 

The 8 spores of each of 5 asci of Venturia pirina were isolated in the 
order of their occurrence in the ascus and grown in vitro. 

The 40 isolates studied comprise 20 biotypes of 2 isolates each, 4 biotypes 
being obtained from each ascus. Apparently, the third nuclear division in 
the ascus is equational. 

It was found that the ascigerous stage could be produced abundantly in 
culture by seeding Petri dishes with conidial suspensions of 2 sexually com- 
patible isolates, adding to each plate 20 cc. of 0.5 per cent malt extract agar 
in which a decoction of dead pear leaves had been incorporated, and incu- 
bating under suitable conditions. 

The 8 isolates of each set were grown singly and in all possible pairings 
of isolates in the same set. The isolates in certain sets were paired with those 
in other sets in all possible combinations. They were found to be her- 
maphroditic, but self-incompatible. The 8 isolates from each ascus comprise 
2 groups of 4 isolates each, which are intra-group incompatible but inter- 
group compatible. Likewise, the pairings between sets revealed only 2 
groups for sexual compatibility. Segregation of factors for sexual compati- 
bility occurred alternatively in the first or the second nuclear division in the 
ascus. , 

Anjou and Flemish Beauty leaves were heavily infected by each of the 
16 isolates composing the 2 sets of isolates tested. Kieffer and Bartlett were 
infected by none of these isolates. Yellowish flecks were incited, but no 
conidia produced, by all isolates of both sets on Seckel leaves, while all iso- 
lates of one set gave similar flecking on Duchess. In the other set, however, 
4 isolates incited sporulating lesions on Duchess, w^hile the other 4 incited 
only flecks. 
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It is concluded that Ventiiria pirina is a species consisting of many bio- 
types that differ in morphology and pathogenicity. The fungus is hetero- 
thallic, in the sense that the thalli are hermaphroditic but self -incompatible 
and comprise at least 2 groups that are intra-group incompatible and inter- 
group compatible. Combinations are, therefore, a major source of heritable 
variations in this pathogen. 
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EEDUCTION IN FUNGICIDAL VALUE OF COPPER COMPOUNDS 
BY ORGANIC MATERIALS 

John W. Heuberger^ and James G. Horsfall- 
( Accepted for publication July 29, 1941) 

INTRODUCTION 

In modern plant-disease control practices by spraying and dusting, it 
is more the exception than the rule when a fungicide is used by itself. In 
orchard spraying a tank-load of spray often contains 4 different materials, 
w^hile a yegetable dust may contain as many as 5. Each year the list of 
materials that may be added to fungicides becomes more extensive. These 
materials, other than insecticides and diluents, are generally classified as 
wetting, spreading, dispersing, flocculating, buffering, sticking, and ‘^safen- 
ing’’ agents. Many of these are organic, some being synthetic, while others 
are pulverized plant products. As the physical and chemical characteristics 
of these materials differ so widely, a study is being made of their possible 
action on the fungicidal value of copper compounds. 

Several workers have studied certain aspects of the interaction of these 
materials but scant attention has been paid to their effect on the fungicidal 
value of copper compounds. 

This paper presents the results of a laboratory investigation on the effect 
of several organic materials on the fungicidal value of copper compounds. 
While this work was in progress it was learned® that J. B. Skaptason and 
F, M. Blodgett, of Cornell University, had found that derris powder reduced 
the control of a fixed copper compound against late blight of potato on 
Long Island. Their work has recently been published (6), 

MATERIALS 

The materials used in this work were as follows : 

Copper Compounds: copper sulphate, copper oxychloride, red cuprous 
oxide, yellow cuprous oxide, and Bordeaux mixture. 

Organic Materials: derris powder (4 per cent rotenone), pyrethrum 
powder, soya flour, alfalfa meal, corn starch, and activated charcoal 
(Norite). 

Other 3Iaterials: Cherokee elaj, 

METHODS 

Considerable attention was paid, for reasons discussed below, to the devel- 
opment of testing methods. Two experimental designs were used in studying 
the effect of the organic materials : (a) the toxic 50 per cent deposit of copper 

1 Plant Pathologist, Crop Protection Institute, in cooperation with the Connecticut 
Agricultural Experiment Station. 

2 Chief, Dept, of Plant Pathology and Botany, Conn. Agr. Exp. Stat. 

3 Correspondence with J. B. Skaptason. 
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was held constant and the deposit of organic material varied, and (b) the 
deposit of organic material was held constant and the deposit of copper 
varied. In the first design the effect of varying deposits of organic material 
on fungicidal value at the LD50 point was measured, w'hereas, in the second 
design, a measure was obtained of the increase in copper deposit necessary 
to give LD50 in the presence of unit deposit of organic material. The rela- 
tive significance of these two designs is being discussed in detail in another 
paper (1). 

Particular attention to method was not necessary to show that derris, for 
example, reduced the fungicidal value of a copper compound, but, when the 
effect of derris on a series of copper materials was studied, particular atten- 
tion to method was necessary. 

It seemed reasonable at first, in accord with most current fungicide 
research, to compare all the copper materials on the basis of equivalent 
metallic copper. The fact is, however, that copper spray materials vary 
widely in their fungicidal value per unit of copper. Apparently, the vari- 
ous materials release different amounts of toxic copper into the spore drop. 
In view of this, it w^as necessary to adopt a testing procedure that would 
permit using the materials on the basis of equivalent ioxic copper rather 
than equivalent metallic copper, i.e,, to so use them that they would give 
equal spore inhibition. This was done by applying deposits to glass slides 
which should inhibit 50 per cent of the spores (LD50). By so doing, the 
effect of the organic materials on the copper compounds was determined at 
a definite point. 

The materials were used in various ways: as sprays, as dusts, or the 
copper used as a spray and the organic material dusted on the sprayed 
surface w’^hile it was still wet. However, the general testing procedure, 
except where otherwise noted, was to use the copper materials as sprays and 
then dust on the organic material. This was found to be the best procedure 
as the large particle size of some of the organic materials clogged the nozzle 
of the laboratory sprayer. 

The sprayer used was a horizontal precision sprayer (4). The dusting 
apparatus consisted of a settling tower, a chamber for exposing slides at the 
base of the tower, and a system for introducing knowm charges of dust into 
the tower in uniform time (3). With this apparatus, the deposit of dust 
can be regulated. 

The biological assay method recently described (4) w^as used to measure 
the effect of the organic materials on the fungicidal value of the copper 
compounds. The test fungus was Macrospormm sarcinaeforme Cav. 

EXPERIMENTATION 

As preliminary tests indicated that ground derris root caused reduction 
in fungicidal value of copper compounds, this material w^as used as the test 
organic material. % 
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Effect of Derris on the Same Copper Compound Used as a 
Spray and as a Dust 

Tests were made on the effect of derris on red copper oxide used as a 
dust and as a spray. 

Bust Test. Two dusts were prepared, namely : red copper oxide-Cliero- 
kee clay (7-93) and red copper oxide-derris- Cherokee clay (7--18|-74-|) . A 
series of coated glass slides was dusted with each, dust in such a way as to 
give a series of deposits. The fungicidal value was then determined. The 
data (Table 1) show that derris reduced the fungicidal value of the copper, 
that derris by itself had lio effect on the test fungus, and that Cherokee clay 
had no effect on either the copper or the test fungus. 

Spray Test. Red cuprous oxide was used alone and combined with 
derris in the same ratio as used in the dust. Slides were sprayed with each 
to give a deposit of metallic copper that should inhibit approximately 50 
per cent of the spores (LD50). The data (Table 1) show that the derris 
reduced the fungicidal value of the copper. 


TABLE 1 . — -Bifect of derris on the f ungicidal value of a copper compound used as 
a spray and as a %ust 


Material 

Metallic 

Gu deposit 

Derris 

deposit 

Spore 

inhibition 


Gamma/ cm.^ 

Gamma/cm.^ 

Ter cent 

Bed cuprous oxide-Cherokee clay 

9.1 

None 

46 

(7-93) (dust) 

4.5 

( c 

29 


3.1 

it 

18 


2.6 

i i 

1 

15 

Bed cuprous oxide-derris-Cherokee 

7.1 

21.4 

6 

clay (7-18I-74U (dust) 

4.7 

18.8 

3 


3.5 

10.6 

1 

Bed cuprous oxide (spray) 

6.0 

None 

45 

Bed cuprous oxide-derris (spray)... 

6.0 

18.1 

6 

Derris (spray) 


24.0 

1 

Cherokee clay (spray) » 



1 

Check 



1 


a Deposit, 72' gamma/cm.® 


The data in table 1 show that derris affects a copper compound alike as 
a dust or spray. 

Effect of Derris on Different Copper Compounds 

The tests were made as follows : five slides each were sprayed with Bor- 
deaux and copper oxychloride to give LD50 deposits. One slide for each 
was held as it was, while the other 4 were dusted while still wet with different 
charges of derris to give 4 different deposits. The data for a typical test 
(Table 2) show that equal quantities of derris affected both copper com- 
pounds essentially alike at the LD50 point. -i . 
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TABLE 2. — "Effect of equal quantities of derris on the fungicidal value of Bordeaux 
mixture and copper oxychloride at the LJB50 point 


Copper 

compound 

Derris 

deposit 

Spore 

inhibition 


Gamma/cm.^ 

Per cent 

Bordeaux mixture (metallic Cu deposit, 

None 

49 

0.15 gamma/cm.^) 

1.3 

51 


2.6 

48 


5.1 

57 


10.2 

31 

Copper oxycWoride (metaUie Cu deposit, 

None 

52 

0.30 gamma/cm.^) 

1.3 

57 

' 

2.6 

50 


5.1 

49 


10.2 

28 

Check 


■2' ■' ■ 


A test was made also using copper sulphate, a soluble copper compound, 
in the same maner as described above. The data (Table 3) show that there 
is a direct correlation between the amount of derris and the reduction in 
fungicidal value of copper sulphate — ^the more the derris the greater the 
reduction. 


TABLE 3. — Effect of a7nount of derris on the fungicidal value of copper sulphate 


Material 

Derris 

deposit 

Spore 

inhibition 


Gamma/cm.^ 

Percent 

Copper sulphate (metallic Cu deposit, 

None 

70 

0.19 gamma/cm.^) 

2.8 

55 


5.6 

28 


11.2 

13 


22.4 

0 

Cheek 


0 


From these tests it seems probable that the deleterious effect of powdered 
derris root on copper fungicides is general as it affected Bordeaux mixture, 
copper sulphate, copper oxychloride, and cuprous oxide. 


Effect of Different Organic Materials on Copper Compounds 

In these tests diverse organic materials were used, namely : soya flour (a 
common supplement) ,• derris powder, pyrethrum powder, and derris extract 
(insecticides) ; activated charcoal (a sorbent material) ,* and alfalfa meal (a 
pulverized plant material not used in sprays or dusts) . 

Alfalfa Mealy Soya Floury Derris. The effect of these materials on the 
fungicidal value of copper oxychloride was determined. The data (Table 
4) show that all 3 materials reduced the fungicidal value, soya flour reducing 
it the most. 

PyrethruMy DerriSy and Derris Extract (Rotenone) . The effect of these 
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TABLE 4. — affect of alfalfa meal, soya flour, and clerris on the fungicidal value of 

copper oxychloride 


Organic 

material 

Deposit of 
organic material 

Copper oxychloride 

Metallic Cu 
deposit 

Spore 

iiiliibitioix 


Gamma/ cm,^ 

Gamma/cm.^ 

Fer cent 

Alfalfa meab‘ 

Hone 

0.32 

58 


3.0 

i t 

38 


6.0 

i i 

35 


12.0 

it 

29 

Soya flourt> 

None 

0.32 

58 


2.1 

i i 

63 


4.2 

t { 

52 


8.4 

i { 

12 

Derris^ 

None 

0.32 

58 


2.6 

i ( 

50 


5.2 

i i 

49 


10.4 

i i 

28 

Check 



2 


a Had no effect on the test fungus. 

Stimulated germ tube development somewhat. 


materials on yellow cuprous oxide was determined. The test was made in a 
different fashion. 

Stock suspensions were prepared of yellow cuprous oxide (1|-100) and 
of the derris and pyrethrum powders (4-100) ; stock solutions (1-200, 
1-400, and 1-800) of derris extract were prepared also. These stocks rep- 
resent the concentration at which these materials are used in the field. They 
were diluted proportionately to strengths at which they could be used in the 


TABLE 5. — Amount of metallic copper deposit, using yellow cuprous oxide, required 
for LD$0 in the presence and absence of various organic materials 


Material 

i Metallic Cu deposit 

required for LD50 


Gamma/ cmr 

Yellow cuprous oxide 

0.69 

Yellow cuprous oxide + derris i 

1.08 

Yellow cuprous oxide + pyrethrum 

1.09 

Yellow cuprous oxide + derris extract 


(1-800) 

0.70 

(1-400) 

0.65 

(1-200) 

0.66 


laboratory. A series of glass slides was so sprayed with each combination 
as to give a range of deposits ; at each deposit the ratio of added material to 
copper was the same. The data on spore inhibition were plotted on loga- 
rithmic probability paper, and the amount of copper deposit necessary to 
give LD50 for the various combinations was determined (Table 5). 

The data in table 5 show the following : when either derris or pyrethrum 
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powder w^as added to yellow cuprous oxide, 57 per cent more metallic copper 
was necessary to give LD50 than when the copper was used alone ; derris 
extract (rotenone) had no effect on the fungicidal value; the rotenone in 
the derris powder is not the material responsible for its effect on copper 
compounds. 

Activated Charcoal (Norite). This material was used, as it is highly 
adsorptive. Its effect on copper oxychloride was determined. Data ob- 
tained (Table 6) show that it had no effect on the fungicidal value of copper 
oxychloride. 


TABLE 6 . — Effect of activated charcoal on the fungicidal value of copper oxychloride 


Copper 

compound 

Activated char- 
coal deposit 

Spore 

inhibition 


Gamma/cm.^ 

Per cent 

Copper oxychloride (metallic Cu deposit, 

None 

62 

0.50 gamma/em.2) 

5.9 

63 


15.5 

63 

Check 


0 


Effect of the Nature of the Organic Material 

The data for activated charcoal indicated the reduction in fungicidal 
value of copper compounds by organic powders probably was not caused by 
adsorption of soluble copper from solution, while that obtained comparing 
derris and derris extract (rotenone) indicated that it might be associated 
with the nature of the organic material. Accordingly, an attempt was made 
to determine if the nature of the organic material was related to the reduc- 
tion. Three materials were selected— soya flour (high protein), corn starch 
(high starch), and activated charcoal (carbon) — and their effect on the 
fungicidal value of copper oxychloride determined. 

Data obtained in a typical test (Table 7) show that the only material 
to reduce the spore-inhibiting power of copper oxychloride was soya flour. 


TABLE 7. — Effect of nature of the organic material on the fungicidal value of cop- 
per oxychloride 


Organic 

material 

Deposit of 
organic material 

Copper oxychloride 

Metallic 

Cu deposit 

Spore 

inhibition 


Gamma/cm.^ 

Gamma/ cm.^ 

Per cent 

Activated char- ' 

None 

0.41 

49 

coal 

18.0 

0.41 

53 

Corn starch 

None 

0.41 

49 


13.0 

0.41 

49 

Soya flour 

None 

0.41 

50 


13.0 

0.41 

33 

Check 


■■ 

1 
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the material of high protein content. Similar results were obtained also 
when Bordeaux mixture and red cuprous oxide were used in place of copper 
oxychloride. 

These data suggest the possibility that the reduction in spore inhibiting 
powers of copper compounds by certain organic materials may be brought 
about by a reaction between soluble copper and the protein in the organic 
material. 

Various organic materials used in this woi’k were submitted to B. M. 
Bailey, Chief, Dept, of Analytical Chemistry, Connecticut Agricultural 
Experiment Station, for protein analysis. The analysis by the Kjeldahl 
gave for each kind of material the following percentages of protein 
(N X 6.25) : Soya flour, 52.06 ; alfalfa meal, 13.00; pyrethrum, 11.63; derris, 
9.13; corn starch, 0.56. 

All of these materials, except corn starch, the material of lowest protein 
content, reduced the spore inhibiting powers of copper compounds. Further, 
the spore inhibiting powers of copper oxychloride were reduced the most by 
soya flour, the material of highest protein content. 

DISCUSSION 

Although the precise mechanism by which copper inhibits spore germina- 
tion is not fully understood, it has been somewhat generally accepted that 
the fungicidal value of copper compounds is related to their solubility — the 
more soluble the material the higher its fungicidal value. It has been shown 
by Marsh (5), however, that certain soluble copper compounds, e.g,, cupric 
phthalocyanine, are not toxic; and Goldsworthy and Green (2) have pre- 
sented evidence showing that the fungicidal value is not directly related to 
the solubility, but is related to the amount of ‘^ionic’^ (available) copper 
produced by the material in solution. Irrespective of the nature of the 
toxic copper the same amount is present at the LD50 point, for example, 
for all copper materials. Thus, when an added material reduces the fungi- 
cidal value it must do so by reducing the amount of toxic copper present in 
solution. This may be done by precipitation of the copper from solution, by 
adsorption or adsorption of the toxic copper, or by chemical reaction between 
the toxic copper and the added material. 

The deleterious action of organic materials on antiseptics is well known 
in the field of bacteriology. In relation to fungicides, Goldsworthy and 
Green (2) have pointed out that organic materials, such as those usually 
found in ordinary nutrient media, are capable of inactivating considerable 
quantities of soluble and ionic copper by adsorption. 

The fact that activated charcoal did not reduce the fungicidal value of 
a fixed copper compound indicates that adsorption may not be the explana- 
tion for the reduction obtained with the various organic materials in this 
work. 

Data obtained in this investigation indicate that the reduction in fungi- 
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cidal value of copper compounds by certain organic materials may be 
brought about by a reaction between the toxic copper and the protein in the 
organic material. This hypothesis is supported by data showing that mate- 
rials low in protein did not cause reduction, whereas those having consider- 
able protein did. 

The laboratory data presented in this paper on red cuprous oxide are 
supported by field data secured by Skaptason and Blodgett (6) showing 
that the addition of derris or pyrethrum, alone or in combination, to this 
material reduced its control of late blight of potato. However, the use of 
laboratory data on the effect of organic materials on various copper com- 
pounds to forecast what will happen in the field must wait, for reasons dis- 
cussed below, until field data on several copper compounds are available. 

There are two factors involved in the protective value (disease controlling 
powers) of a copper compound in the field — ^fungicidal value and tenacity. 
Unpublished data secured by the writers over a period of years indicate that 
the protective value of a copper compound is more dependent on tenacity 
than on fungicidal value. For example, the protective value of red cuprous 
oxide, a material of high tenacity but comparatively low fungicidal value, 
is equal to that of copper oxychloride, a material of low tenacity but com- 
paratively high fungicidal value. In the laboratory work reported here the 
influence of tenacity on the spore-inhibiting powers over a period of time has 
not been determined. Thus, field tests comparing the effect of organic 
materials on copper compounds of high fungicidal value and low tenacity, 
and vice versa, are required to determine the influence of tenacity. Such 
tests are being made. 

Data presented showing that derris extract (rotenone) did not reduce 
the fungicidal value of a fixed copper compound suggest the possibility that 
the deleterious effects of derris and pyrethrum powders may be overcome 
by extracting the insecticidal fractions and impregnating them on a suitable 
inorganic or non-protein organic diluent for use in dust form. 

summary 

A laboratory study has been made of the effect of diverse organic mate- 
rials on the fungicidal value of copper compounds. The copper compounds 
used were copper sulphate, Bordeaux mixture, copper oxychloride, and red 
and yellow cuprous oxide. 

Materials containing considerable amounts of protein, e.g., derris pow- 
der, pyrethrum powder, soya flour, and alfalfa meal, reduced the fungicidal 
value. The copper compounds were all affected similarly at a definite 
point (LD50). 

Materials containing little or no protein, e.g,, activated charcoal and 
corn starch, did not reduce fungicidal value. 

The reduction in fungicidal value by materials containing protein is 
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most likely brought about by a reaction between the toxic copper and the 
protein, thus reducing the amount of toxic copper available to the spores. 
Depaetment op Plant Pathology and Botany, 

Connecticut Agricultural Experiment Station, 

New Haven, Connecticut. 
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EBLATION OF MOISTURE TO INVASION OF TOBACCO LEAVES 
BY BACTERIUM TABACUM AND BACTERIUM ANGULATUM^ 

Stephen- Diachun, W. D . Valle au/anb 
, B . M . J 0 H N S 0 N 

(Accepted for publication August 18, 1941) 

In comieetion with a study on the method of infection of tobacco leaves 
by Bacteriiim tahacum Wolf and Foster and by B, angulatum Fromme and 
Murray, previous papers from this laboratory have reported that: (a) to- 
bacco leaves atomized with a suspension of B, iahacim become infected only 
if stomata are open at the time of inoculation (5) ; (b) there is a correlation 
between stomatal opening and susceptibility of leaves to water-soaking; 
leaves can be water-soaked by a stream of water beating against the lower 
surface only when stomata are open (6) ; (c) leaves may be injured when 
kept water-soaked for a period of 24 to 48 hours (13). 

The object of the experiments reported in this paper is to determine 
whether bacteria present in water on the surface of a tobacco leaf can invade 
the leaf in the absence of water-soaked tissue. 

LITERATURE REVIEW 

Clayton (3) has reported that water-soaking of tobacco leaves during 
rainstorms accompanied by wind facilitated invasion by the wildfire organ- 
ism (Bmterium tahacum). Braun and Johnson (1) later found a close 
relation betiveen the amdpiit of water-soaking and the extent of natural 
infection by B. angulatum in tobacco seed beds. 

Clinton and McCormick (4) reported that wildfire infection was not 
obtained by pouring a suspension of the bacteria onto leaves unless condi- 
tions were similar to those necessary for natural infection; but the condi- 
tions were not described. Riker (11) concluded that a great many more 
lesions developed on leaves when plants were placed in a moist chamber 
before and after inoculation than when placed in the moist chamber only 
after inoculation. But it has been known for years that wildfire and angu- 
lar-leaf -spot infection can be produced by forcefully atomizing tender leaves 
of vigorous plants with a bacterial suspension, without placing the plants 
in a moist chamber before or after inoculation. The stomata, however, must 
be open at the time of inoculation, and the atomizer must be held close to 
the leaf surface; apparently the bacteria are then forced into the leaf 
through the stomata. Very little, if any, infection occurs if the atomizer is 
held more than 10 or 12 inches from the leaf surface. 

There seems to be no complete agreement regarding the method of in- 
vasion of susceptible leaves by pathogenic bacteria. Smith (12) first 
pointed out the importance of keeping plants moist before spraying them 

1 The investigation reported in this paper is in connection with a project of the Ken- 
tucky Agricultural Experiment Station and is published by permission of the Director, 
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■with bacteria to produce stomatal infection. McLean and Lee (10) have 
shown that citrus canker bacteria can enter leaves through stomata only 
when the stomatal pores are filled with water. Zauineyer (14) found that 
infection of bean leaves by Bacterium phaseoli w^as most severe w’hen plants 
were kept moist before inoculation. He suggested that this caused sub- 
stomatal cavities to become well supplied with wmter^ offering the bacteria 
a free swimming channel from the droplets of moisture on the surface to the 
interior of the leaf. Leach (9) recently has vStated that a film of water con- 
necting the surface of the epidermis with the substomatal chamber appears 
necessary for stomatal infection by bacteria. Heald (8), on the other hand, 
visualizes the method of bacterial invasion in the following way : ‘^Suppose 
a single bacterium of a species pathogenic for the host finds lodgment in a 
film of water over a stomatal opening. Under favorable conditions cell 
division follows in rapid succession. The resulting bacteria are pushed or > 
work their way into the stomatal opening and soon come to fill the snb- 
stomatal chamber.’^ 

♦r f ^ ' 

MATERIALS AND MpTHODS . ^ - 

Inoculations were made by pouring a suspension of bacteria onto the 
lower surface of leaves of vigorously growing Burley tobacco plants in 
greenhouse and field. Twenty-four-hour beef -peptone-broth cultures of 
Bacterium talacum and B, angulatum were used. Just before inoculation 
the broth cultures were diluted with 50 parts of sterile tap water. To deter- 
mine whether the leaves were physiologically susceptible to infection under 
the tested conditions similar leaves were inoculated by atomizing the bac- 
terial suspension onto the lower surface with %deVilbis No. 15 atomizer, 
held 2 inches from the leaf, thus forcing bacteria into the leaves. 

To water-soak leaves, a stream of water was forced from a 10-cc. B-D 
Champion hypodermic syringe against the leaf surface. The end of the 
needle of the syringe was held about 1 inch from the leaf surface. The 
stream of water was moved as rapidly as tissue became Water-soaked. Un- 
less stated otherwise, the stream of water was directed onto the lower sur- 
face. The water-soaked condition disappeared within 10 to 30 minutes. 

RELATION OF SURFACE MOISTURE TO INFECTION 

To determine whether bacteria present on leaf surfaces produce infec- 
tion if the leaves are kept moist several hours after inoculation, the following 
experiments w^-ere performed. 

Stomata Open. Leaves Moist After Inoculation 

At 11 : 00 a.m. May 2, 1939, 4 greenhouse plants W'Cre inoculated by 
pouring a bacterial suspension onto the lower leaf surfaces. Stomata w^ere 
open. Two of the plants w^ere kept under bell jars 24 hours following inocu- 
lation, and the other 2 w^ere kept in the greenhouse atmosphere. Seven 
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days later these 4 plants showed only a few isolated wildfire spots, whereas 
leaves of 4 similar plants, atomized with the bacterial suspension, were 
heavily infected.. The experiment was repeated 3 times with the same re- 
sults. Similar results were observed on field-grown plants. In some in- 
stances the bacterial suspension was examined microscopically before inocu- 
lation, and bacteria were seen to be motile. 

Stomata Closed. Leaves Moist Until After Stomata Open 

Diachun (5) has reported that tobacco leaves atomized with Bacterium 
** tahacum became infected only if the stomata were open at the time of inocu- 
lation. The following experiments were conducted to determine whether 
infection occurs on leaves inoculated when the stomata are closed and then 
kept moist until the stomata open. The bacteria in the water on the leaf 
surface then would have access to open stomata. On April 18, 1939, at 8 
p.m. 4 small plants were inoculated -with the atomizer held 2 inches from 
t' the lower leaf surface. Most of the stomata were closed. Two of the plants 
were placed under bell jirs to keep the leaf surfaces moist until the stomata 
would open the following morning. The other two were left in the green- 
house atmosphere do permit the leaf surfaces to dry. The leaves of the 
plants under the bell jars weye still moist at noon the next day, when the 
plants were removed from the moist air and placed in the greenhouse. Six 
days after inoculation only a very few wildfire spots were present. There 
was no more infection on the leaves that had been kept moist until the 
stomata opened than on those allowed to become dry. But numerous wild- 
fire spots covered the leaves of similar plants inoculated in the same way at 
11 a.m., when the stomata' were open. This experiment was repeated 3 
times, with the same results/ . Similar results were obtained in the field. 

Leaves Moist Before and After Inoculation 

Riker (11) found that tobacco leaves developed a great many more 
lesions when the plants were placed in a moist chamber before and after 
inoculation, than when they were placed in a moist chamber only after in- 
oculation. However, under conditions of our test we have not been able to 
obtain such results. On February 13, 1940, at 11 a.m., 2 potted plants were 
placed in a moist chamber, where the leaf surfaces became wet and remained 
covered with moisture. Twenty-four hours later, a bacterial suspension was 
poured onto the left side of each leaf, both upper and lower surface. Sto- 
mata were open. One plant was then returned to the moist chamber for an 
additional 24-hour period ; the other was left in the greenhouse atmosphere. 
Only a very few wildfire spots developed, usually at an injured place on the 
leaf. The right side of all leaves was inoculated at the same time as the left 
side, but the bacterial suspension was atomized onto the lower surface from 
a distance of 2 inches. Severe infection developed, showing that the leaves 
were susceptible. 
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Two similar plants, wvMcli had not been kept moist before inoculation, 
were inoculated at the same time. One was then placed in the moist cham- 
ber for 24 hours, and the other kept in the greenhouse. The same degree 
of infection developed on these plants as on those kept moist before inocu- 
lation. This experiment was repeated 5 times with similar results. 

It is thought that bacteria present on wet leaves probably fail to gain 
entrance because of their inability to pass from water on the leaf surface 
into air spaces in the stomatal pores. 

INVASION OP WATER-SOAKED LEAP TISSUES 

Clayton (3) stated that ‘‘water-soaked areas facilitated invasion by bac- 
teria but that by far their most important effect was in facilitating the 
spread of the bacteria through the leaf tissues after infection has occurred.’? 
He reported that water-soaking must persist for a period of 24 to 48 hours 
in order to break down resistance of the leaves. Braun and Johnson (1) 
later reported that in tobacco seed beds a close relation was found between 
the amount of water-soaking and the extent of natural infection and inva- 
sion with Bacterium angulatum. In the present report, water-soaked tissues 
(water-soaked for only a few minutes) are considered in their role as path- 
ways for the bacteria to enter leaves, rather than as prolonged treatment 
to break down the resistance of tissue or to spread bacteria through tissue 
of invaded leaves. 

To determine whether surface bacteria can invade leaves water-soaked 
for only a short time, the following tests were made. 

Leaves Water-soaked at Inoculation 

On July 28, 1939, at 3 p.m., stomata were open. Two interveinal areas 
of 4 leaves each of a tobacco plant in the field were water-soaked. A sus- 
pension ot Bacterium tdhacum was then poured onto the entire lower surface 
of each leaf. All the water-soaking disappeared within 15 minutes. By 
August 4 the areas that had been water-soaked and inoculated were dead, 
dry, and brown, with a yellow halo surrounding the dead area. It is be- 
lieved that the extensive necrosis was caused by coalescence of the numerous 
infections resulting from invasion of bacteria through thousands of stomata. 
(If a dilute suspension of bacteria was used (1-1000) typical scattered 
isolated wildfire spots resulted.) There was no infection on the parts of 
the leaves that had been inoculated without being water-soaked (similar to 
figure 1). Four other leaves were water-soaked but not inoculated. They 
showed no injury at any time. This experiment -was repeated 9 times with 
similar results. 

Like results were obtained wiih Bacterium angulatum. The infection in 
the water-soaked tissue was, however, not so extensively necrotic as that 
produced by B. tahacum. Infection with B. angulatum usually resulted in 
numerous crowded angular leaf spots but with little coalescence of the spots. 
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Further tests showed that the results were essentially the same whether 
the leaves were water-soaked through the lower or iipper surface, and 
whether the bacterial suspension was poured onto the surface through which 
water-soaking took place or the opposite surface. Stomata are present on 
both surfaces, and w’ater-soaking apparently floods the entire thickness of 
the leaf. 

Leaves Water-soaked Before Inoculation 

If water-soaked tissue was permitted to lose the water-soaked appearance 
before bacterial suspension was poured onto the leaf surface, the bacteria 



Fig. 1. Invasion of water-soaked areas of a tobacco leaf by Bacterium tabacum. 
The middle three interveinal areas of the right side of the leaf ivere water-soaked at 10 
a.m. September 29, 1939. The water-soaked condition disappeared by 10: 15 a.m. The 
middle three interveinal areas of the left side were then water-soaked, and a bacterial 
suspension was poured immediately over the entire lower surface of the leaf. Water- 
soaking on the left side disappeared within 15 minutes. By October 4 only the areas 
which were water-soaked at the time of inoculation were dead, brown and dry with a yel- 
low halo. Previous water-soaking had no effect on susceptibility of the leaf to invasion 
by the bacteria. It is believed that the extensive necrosis was caused by coalescence of 
infections produced by invasion of thousands of stomata (more than 80,000 per square 
inch) by the concentrated bacterial suspension- Photographed October 6, 1939. 
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did not invade the leaf. This is shown by the following test. Three inter- 
veinal areas on the left side of a leaf were water-soaked at 2 : 45 p.ni. August 
5, 1939. Stomata were open. Water-soaking disappeared by 3 p.m., at 
which time 2 interveinal areas on the right side of the leaf were water- 
soaked. Bacterial suspension was immediately poured over the entire lower 
surface, both left and right sides. Water-soaking on the right side of the 
leaf disappeared by 3 : 15 p.m. Infection failed to occur on any part of the 
leaf except the areas that were water-soaked and inoculated while water- 


Fig. 2. Bacterial invasion of leaves sprayed with water but not visibly water-soaked. 
A. Left side atomized with sterile water with atomizer 2 inches from lower surface, and 
bacterial suspension (^Bacterium tabacum) immediately poured onto lower surface. B. 
Bacterial suspension poured onto lower surface of left side without previous spraying with 
water. Eight side of both leaves atomized with bacterial suspension, atomizer 2 inches 
from lower surface. Inoculated Oct. 9, 1939. Photographed Oct. 17, 1939. 

soaking was still visible. By August 9 these were dead, dry, and brown, 
with a yellow halo. This experiment was repeated 4 times, with the same 
results (Pig. 1). 

INVASION OF LEAVES SPRAYED WITH WATER BUT NOT VISIBLY 
WATER-SOAKED 

The question naturally arises whether there can be enough free water 
in the stomatal pores and in leaf tissues to permit bacterial entrance in the 
absence of visible water-soaking. To answer this question the following test 
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was made. On October 5, 1939, the left side of each of 3 leaves was atom- 
ized with sterile water, the atomizer being held 2 inches from the lower sur- 
face. There was no visible water-soaking. A suspension of Bacterium 
talacum was poured onto the lower surface immediately. Within a week 
there was a considerable number of wildfire spots on these leaves. As con- 
trols the left side of each leaf of a second series was iiuculated at the same 
time by pouring bacterial suspension onto the lower surface, without previ- 
ous spraying with water. No infection developed. The left side of each 
leaf of a third series was atomized with sterile water, but not inoculated. 
There was no sign of injury at any time. The right side of each leaf of all 
3 series was atomized with bacterial suspension, the atomizer held 2 inches 
from the lower surface. Severe infection developed on all leaves, showing 
that all were equally susceptible (Fig. 2). The experiment was repeated 
5 times. In 4 cases, the results were similar to these, but in 1 experiment 
there was total absence of infection on leaves sprayed with water before the 
bacteria were placed on the surface. The explanation is ventured that, for 
some reason (probably stomata not open sufficiently), water in sufficient 
amount was not forced into the stomatal pores and intercellular spaces. 
The same experiment was repeated 3 times with Bacterium angulatum. In 
each case some infection occurred on leaves sprayed with water (but not 
visibly water-soaked) before the bacterial suspension was applied. 

The results of these tests are interpreted as meaning that when a leaf 
is sprayed with water, some of the water is driven through the stomata into 
the substomatal cavities. Not enough water is injected to produce visible 
flooding or water-soaking, but enough may be injected to form a passage for 
some of the bacteria subsequently placed on the leaf surface. 

DISCUSSION 

It is generally believed that in natural field infection Bacterium tabacum 
and B. angulatum usually invade tobacco leaves through stomata (2, 4, 7). 
However, under usual field and greenhouse conditions, bacteria placed on 
the leaf surface do not produce infection, even though the stomata be open 
and the leaf surface be kept moist for several hours after inoculation. It 
appears that the bacteria are unable to pass from water on the leaf surface 
into the stomatal pores and intercellular spaces. If a continuous passage 
of liquid exists for a short time from the outer leaf surface, through the 
stomata, into the intercellular spaces, then bacteria on the leaf surface do 
gain admission. Temporary natural or artificial water-soaking apparently 
provides such a liquid passage, for bacteria can infect water-soaked leaves. 
Natural water-soaking of tobacco leaves is known to occur in plant beds and 
in the field. In the writers’ opinion water-soaked tissues may play an im- 
portant role as temporary passageways for bacteria to enter leaves, rather 
than as a prolonged treatment to break down physiological resistance of 
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plants 01 " to spread bacteria within the tissues, as has been suggested by 
Clayton (3). 

Piirthermore, experiments show that bacteria, present on the leaf sur- 
face, can sometimes invade leaves that are atomized with sterile water just 
before inoculation, even though the leaves are not visibly water-soaked. 
This is interpreted to mean that atomizing with water forces some water 
into the intercellular spaces without actually water-soaking or flooding the 
tissues. The water on the walls of guard cells and mesophyll cells adjoin- 
ing the siibstoniatal chambers probably makes a continuous film with the 
water on the outer surface through the stomata, and permits bacteria to 
enter. It is not known whether the bacteria gain admission by swimming 
or whether they are carried in by some physical force. 

Nor is it known whether leaf tissues may, under some natural conditions, 
contain liquid in the intercellular spaces in amount sufficient to serve as a 
route for bacterial entrance, but not sufficient to produce visible water- 
soaking. It is conceivable that, under certain natural conditions, water 
vapor may condense on the surfaces of guard cells and mesophyll cells or 
that liquid may be secreted internally without producing visible water- 
soaking. If stomata are open, such liquid could perhaps serve as a passage- 
way for the bacteria to enter leaves, in the absence of visible water-soaking 
or flooding of tissues. 

The authors ’ present conception of the conditions necessary for bacterial 
infection of tobacco leaves is as follows; The stomata must be open (or per- 
haps at times wounds may serve as openings). The bacteria must be driven 
into the leaf through the stomata by the force of atomizing o^" of wind-blown 
rain, or there must be continuous liquid from the outer leaf surface, through 
the stomata, into the intercellular spaces, to act as a passageway for the 
bacteria. The excess internal liquid may be visible (water-soaked or flooded 
tissues), or it may be invisible, and it need exist for only a few minutes. It 
must be emphasized that in the field these conditions are not satisfied every 
time leaves are wet, and, therefore, infection does not occur with every rain, 
even if pathogenic organisms are on the leaves. 

SUMMARY 

Infection did not develop in the greenhouse or field when a bacterial 
suspension {Bacterium taMcum) was placed on the surface of leaves, even 
if the leaves were kepi moist some time after inoculation ; lc., bacteria did 
not swim through stomata to produce infection. However, infection did 
occur when bacterial suspension of B. tahacum or B. angtilatiim w^as placed 
on the surface of water-soaked leaf tissues. Sustained water-soaking was 
not necessary. If the inoculum was applied after water-soaked tissues lost 
the water-soaked condition, infection did not occur. Furthermore, if leaves 
were sprayed (but not water-soaked) with sterile water prior to inoculation, 
bacterial suspension then poured onto the sprayed surface produced consid- 
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erable infection. The writers interpret these results as meaning that before 
bacterial infection of tobacco leaves can occur stomata must be open, and a 
liquid passage must exist between the outer leaf surface and the intercellular 
spaces; or, if this passageway does not exist, the bacteria must be injected 
forcefully through the stomata. 

Kentucky Agricultural Experiment Station, 

Lexington, Kentucky. 
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EELATION OF PARTICLE SIZE TO FUNGICIDAL VALUE AND 
TENACITY OF TWO ‘‘INSOLUBLE’^ COPPER FUNGICIDES" 

E . A . H Y R E 

(Accepted for publication August 20, 1941) 

INTRODUCTION 

An improvement in the fungicidal value and tenacity of the ‘‘insoluble’’ 
copper fungicides is to be desired. The latter materials have been devel- 
oped partly as substitutes for Bordeaux mixture, but have lacked its fungi- 
cidal value and tenacity. Copper carbonate and “Tri-Basic” copper sul- 
phate were the two “insoluble” copper materials in which the writer studied 
the relation of particle size to fungicidal value and tenacity. 

MATERIALS 

Four samples of copper carbonate and two of “Tri-Basic” copper sul- 
phate were studied. The samples were received as powders, and varied in 
their fineness. 

Physical data concerning the samples are given in table 1. The colors 
are according to Ridgway (11). 


TABLE 1 . — Physical data of the copper compounds used in this study 


t 

Material 

Mean 

particle 

diameter 

i. 

Color 

Copper 

Specific 
; gravity 

Dense copper carbonate, A 

5.53 

Bluish gray-green 

Per cent 
56.5 

3.86 

Dense copper carbonate, B 

5.26 

Bluish gray-green 

56.5 

3.86 

Light copper carbonate, C 

3.13 

Pale sulphate-green 

56.0 

3.68 

Light copxjer carbonate, D 

2.68 

Pale sulphate-green 

j 56.0 

3.68 

^ ^ Tri-Basle ^ ^ copper sul- 
phate — coarse 

^ 4,07 

Turquoise-green 

1 

53.5 

3.50 

Tri-Basic’^ copper sul- 
phate — ^fine 

; 2.54 

Turquoise-green 

1 

53.5 

3.50 


METHODS 

Technique for Measuring Particle Size 

The mean particle diameter, with , certain exceptions, was determined by 
means of the microprojector method used by Heuberger and Horsfall (5). 
The number of particles per 100 of 20 p squares was counted directly on the 
screen and no attempt was made to prove the Poisson distribution of the 
particles and to use Thorndike’s chart. Magnification was 1467 x. This 

1 The writer expresses his thanks to the Tennessee Copper Co., Copperhill, Tenn., for 
supplying all samples used in this study, to Dr. C. D. SherbakofP, of the Tennessee Agri- 
cultural Experiment Station, for invaluable help in connection with the study, and to Dr. 
James G. Horsfall, of the Connecticut Agricultural Experiment Station, for examining 
the manuscript. 
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gave a mean particle size of 2.49 p for a commercial sample of Yellow Ciipro- 
cide (93-per cent cuprous oxide). This is somewhat larger average particle 
size for this material than Heuberger and Horsfall report (5). However, 
they used a magnification of 1900 diameters and, by thus including finer 
particles than were counted in the present study, they would get a smaller 
mean particle size. 

All materials were pasted in a small amount of 50-per cent alcohol- water 
solution and then diluted with distilled water. 

Technique for Measuring Fungicidal Value 

The fungicidal value was determined according to the tentative specifi- 
cations of the current committee of Thef American Phytopathological Society 
for the slide-moist-chamber method of testing protective fungicides, and on 
a standard Bordeaux mixture for laboratory tests and for the determination 
of the Bordeaux coefficient. 

The settling tower (10) was employed to apply the materials to the cellu- 
lose-nitrate-coated slides. Five deposits per material per test were used. 
The test fungus was Macrosporium sarcinaeforme Cav. The spore concen- 
tration was adjusted to 5000 per cc. by means of a blood-counting cell, ex- 
cept for the tests with Tri-Basic’^ copper sulphate, in which it was adjusted 
to 10,000 per cc. The data were plotted on logarithmic-probability paper, 
whence the LD50 was obtained. 

Technique for Measuring Tenacity 

The tenacity of the fungicides and a tenacity coefficient were deter- 
mined according to the method of Heuberger (3). 

EXPERIMENTAL DATA 

The present paper is concerned only with laboratory studies on the rela- 
tion of particle size to fungicidal value and tenacity. The data were 
analyzed by the analysis-of -variance method (12). 

Four Copper Carbonates 

Fungicidal Value, The Bordeaux coefficient was determined for each 
of the 4 samples of copper carbonate as received. Four replicates were 
made on different days. The particle size and Bordeaux coefficients are 
listed in table 2. The Bordeaux coefficient is derived from the following 
formula (8) : 

Bordeaux coefficient = 

LD50 deposition of copper in Bordeaux mixture 

LD50 deposition of toxicant in fungicide X. 
Thus the closer the Bordeaux coefficient approaches unity the closer fungi- 
cide X approaches Bordeaux in fungicidal value. 
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TABLE 2. — Effect of particle size on fungicidal value and tenacity of four copper 
car'bonates, (Each figure is the mean of four replicates) 


Material 


’ Particle 

size® 

Bordeaux 

coefficiently 

Tenacity 

eoefficientc 

Copper carbonate, 

A 

a 

5.53 

0.047 

0.370 

Copper carbonate, 

B 

5.26 

0.036 

0.403 

Copper carbonate, 

C 

3.13 

0.254 

0.492 

Copper carbonate, 

D 

2.68 

0.276 

0.449 

Bordeaux mixture 




0.835 


The difference in means of A and B is 0.27 jx; of B and C, 2.13; of C and D, 0.45. 
The least significant difference, at the 5% level, is 0.55 jx. 

The difference in ineans of A and B is 0.011; of B and 0, 0.218; of C and I), 0.022. 
The least significant dift'erence, at the 5% level, is 0.102. 

c The difference in ineans of copper carbonates A and B is 0.033; of B and 0, 0.089; 
of G and D, 0.043 ; of copper carbonate D and Bordeaux mixture, 0.386. The least sig- 
nificant difference, at the 5% level, is 0.094. 



Eig. 1. Photomicrographs of approximately equal weights per unit area of two sam- 
ples of copper carbonate. Mean particle diameter of samples, left to right, is 2.68 p,; 
5,26 g. 

Prom the data in table 2 we see that an inverse ratio exists between the 
mean particle diameter and the fungicidal value of the copper carbonates, 
as measured by the Bordeaux coefficients. That is, as particle size decreases 
fungicidal value increases. Such relationship has been shown to exist for 
cuprous oxide (5) and, in the few^ cases where sound data could be obtained, 
for a series of insoluble copper materials (6). 

In this study a significant difference in fungicidal value occurred only 
ivhen there w^as a significant difference in the mean particle diameter ; that 
is, between copper carbonates A and B as one group and C and D as another 
group of smaller particle size. This difference in particle size is vividly 
illustrated in figure 1. Approximately equal weights of copper carbonate 
per unit area 'were obtained for the photomicrographs. This was accom- 
plished by applying equal suspensions of the carbonates to a blood-counting 
cell and photographing through the cell. 
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Tenacity. The tenacity of the copper carbonates is seen to increase 
somewhat as the mean particle size decreases (Table 2). While this dif- 
ference is not great, hardly being significant, it must be remembered that 
all samples contained a range of particle sizes, from colloidal on up. The 
fraction of finer material in samples A and B would tend to minimize the 
differences in fungicidal value and tenacity between these and samples C 
and D. This opinion is supported by the data in table 3. Here, the fine 
fraction of a sample of copper carbonate had greater fungicidal value and 
tenacity than had the coarse fraction. 

Fractionated Copper Carbonate 

A sample of copper carbonate was fractionated by elutriation, into defi- 
nite particle-size classes and their fungicidal value and tenacity determined. 
This should allow greater precision in the determination of the relation of 
particle size to fungicidal value and tenacity. The data are presented in 
table 3. 


TABLE 3. — Effect of particle sise on fungicidal mine and tenacity of fractionated 
copper carbonate 


Copper carbonate 

Particle size^ 
in microns 
(Mean of 

3 replicates) 

Bordeaux 
coefficient^ 
(Mean of 

4 replicates) 

Tenacity 
coefficient® 
(Mean of 

4 replicates) 

Coarse fraction 

2.06 

0.160 

0.393 

Medium fraction i 

1.17 

0.391 

0.512 

Fine fraction 

0.83 

0.534 

0.608 

Bordeaux mixture 



0.769 


a The difference in the means of the coarse and medium fractions is 0.89 ; of the 
medium and fine fractions, 0.34. The least significant difference, at the 1% level, is 
0.27. 

b The diff'erence in the means of the coarse and medium fractions is 0.231 ; of the 
medium and fine fractions, 0,143. The least significant difference, at the 5% level, is 
0.138. 

c The difference in the means of the coarse and medium fractions is 0.119 ; of the 
medium and fine fractions, 0.096; of the fine fraction and Bordeaux, 0.161. The least 
significant difference, at the 5% level, is 0.203. 

The fractionation of the copper carbonate was not so complete as desired, 
but the results show that as the particle size of a given material decreases, 
its fungicidal value increases. Another important consideration is that, 
under the conditions of these tests, the tenacity of the fungicide increases 
as the particle size decreases. If these laboratory studies are a reliable indi- 
cation of field performance, it would be expected that the protective value 
of copper carbonate would vary inversely with particle size. This sugges- 
tion is exactly supported by the data of Twentyman (13) on field per- 
formance of copper carbonate. He found that the finer fractions of a 
standard copper carbonate gave better control of bunt of wheat than did 
the coarser fractions. 
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Heuberger and Horsfall (5) found the protective value of cuprous oxide 
in the field and in the greenhouse to vary inversely with particle size. 

^'Tri-Basic’’ Copper Sulphate 

The fungicidal value and tenacity of two samples of '^Tri~Basie^’ copper 
sulphate were determined. The mean xoarticle diameter of the ^‘fine^’ sam- 
ple was 2.54 p; that of the ^'coarse'’ sample was 4.07 p. The data are 
presented in table 4. 


TABLE 4. — Uffect of particle size on fungicidal value and tenacity of ^ ^Tri-Basic” 
copper sulphate. (Each figure is the mean of three replicates) 


Material 

Bordeaux 

eoefdcient‘i 

Tenacity 

coefficient^ 

^ ^ Tri-Basie ’ ^ copper sulphate, 



4.07 particle size 

0.181 

0.301 

' ^ Tri-Basic ^ ’ copper sulphate, 



2.54 p, particle size 

0.266 

0.507 

Bordeaux mixture 


0.842 


a The difference in the means of the two samples is 0.085. The least significant 
difference^ at the 5% level, is 0.178. 

b The difference in the means of the 4,07 ^ size and the 2.54 jx size of ^ ^ Tri-Basic ^ ^ 
copper sulphate is 0.206; of the 2.54 size and Bordeaux mixture, 0.335. The least 
significant difference, at the 5% level, is 0.169. 

With the ^‘Tri-Basic’’ copper sulphate, as with the copper carbonates, 
the fungicidal value and tenacity increased with decreasing particle size. 
These results show that a further improvement in the insoluble copper fungi- 
cides can be achieved by reduction of the particle size. 

DISCUSSION 

The data presented here show that the fungicidal value and tenacity of 
copper carbonate and Tri-Basic’’ copper sulphate are increased as the 
mean particle size of the materials is decreased. With copper carbonate this 
relationship is more clear-cut with the particle size fractions of a given sam- 
ple than with the several samples of different particle size. This fact em- 
phasizes the desirability of determining the range in particle size of a 
material as well as its mean particle size in studies of this kind. A narrow 
range in particle size would be desirable. 

The final test of a xoroteetive fungicide is its performance in the field. 
Although in the present study the writer obtained no data on the relation 
of particle size to protective value, other investigators have done so (5, 13). 
They found that a decrease in particle size resulted in better protective 
value. It seems logical that such a relationship would hold true in the pres- 
ent ease. One report is to the effect that increasing the fineness of cuprous 
oxide beyond 325-mesh does not increase its fungicidal value (1). The 
statement is misleading, however, because 325-mesh measures neither fine- 
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ness nor coarseness ; it merely separates a material into two fractions. One 
fraction will pass throngh the screen, the other will not. 


summary 

A laboratory study was made of the relationship of particle size to fungi- 
cidal value and tenacity of copper carbonate and ‘‘Tri-Basic’’ copper 
sulphate. 

An inverse relationship -was found between the particle size and the 
fungicidal value and tenacity of both insoluble copper materials ; that is, 
f ungicidal value and tenacity increased as the size of the particles decreased. 

Agricultural Experiment Station of 
THE University op Tennessee, 

Knoxville, Tennessee. 
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TEMPERATURE AS IT AFFECTS SPORE GERMINATION IN THE 
PRESENCE OP COPPER AND SULPHUR 

W . D . M C G li E L L A N 
(Accepted for publication July 15, 1941) 

The effect of temperature on toxicity of fungicides has been studied to 
a limited extent only. The general opinion has been that as the temperature 
increases the toxicity of a fungicide increases and that depression of tem- 
perature begets a corresponding reduction in toxicity. The optimum tem- 
perature for the growth of the organism involved was not considered, 
Clark (2), however, stated that the temperature at which a toxic material 
is j^pplied is very important. In a number of experiments in which the 
toxicity of mercuric chloride to Aspergillus was tested, he concluded as 
follows: ^Mn general, then, mercuric chloride may be said to be more effec- 
tive either above or below the optimum temperature for the development of 
the organism or organisms to be checked ; . . . This is probably true of all 
antiseptics which, like mercuric chloride, check or destroy by precipitation 
of the contents of the living cell. It may be true of all toxic agents/^ No 
data were presented to substantiate these statements. Brooks (1), studied 
the relation of temperature and toxic action of sulphuric acid, nitric acid, 
and copper sulphate solutions in sugar-beet decoction to spore germination 
and growth of Botrytis vulgaris, Monilki fructigena, Sterigmatocystis nigra, 
Mucor niucedo, and Penicilliiini glaucum, and arrived at the same conclu- 
sion. Doran (3) found some dilutions of copper fungicides were toxic when 
the temperature was near the minimum or maximum for the germination 
of the spores he employed and the same dilutions were not toxic at the 
optimum temperatures for the germination of these spores. He states : We 
cannot consider a fungicide toxic unless it is toxic under optimum condi- 
tions for spore germination. ^ ’ The data presented in this paper in the form 
of graphs show that copper sulphate and a particulate sulphur inhibit spore 
germination least at temperatures which are optima for the germination, of 
spores of the organisms concerned. 

METHODS 

Conidia of Sclerotinia fructicola (Wint.) Rehm, AUernaria solani (E. 
and M.) Jones and Grout, V enttiria inaequalis (Cke.) Wint., and Sphaero- 
theca pannosa (Wallr.) Lev. var. rosae Wor., were used in this study as 
well as urediospores of TJromyces caryophyllinus (Schr.) Wint. Spores of 
Sclerotinia fructicola and of AUernaria solani were obtained from cultures 
that had been growing on potato-dextrose agar for 8 to 12 days. Those of 
Yenhiria inaequalis were from cultures approximately 2 weeks old produced 
on cheesecloth wicks by the method of Palmiter (6). Urediospores of TJro- 
myces caryophyllinus were obtained from Joan Marie carnation 
which were naturally infected in the greenhouse. Conidia of Sphaerotheca 
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pmmosay‘dY. rosae were obtained from actively sponilatiiig* lesions on gTeeii- 
lionse roses. 

For each organism, except Sphaerotheca pannosa var. rosae, the spores 
were germinated in distilled water on glass slides in moist chambers. The 
spore concentration was adjusted to 50,000 per cc. For each temperature 
employed, 2 drops of the spore suspension were placed on each of 3 sprayed 
slides and on each of 3 uns|)rayed slides. Thus, in each repetition of an 
experiment, spore germination was observed on 6 slides at each temperature. 
The 3 tinsprayed slides served as a check on germination at each of the tem- 
peratures. The percentage germination in all cases was determined by 
counting 100 spores per slide after 24 hours. Temperatures at 3-degree 
intervals from 6 to 33° C. were used. 

When conidia of Sphaerotheca pannosa var. rosae were employed, por- 
tions of young rose leaflets were used as the test surface, since erratic ger- 
mination occurs on glass slides (4). The number of spores germinating in 
each 100 counted was determined after 24 hours by observing the spores 
in situ with the aid of a Leitz Ultrapak microscope. Leaflets were cut along 
the midrib and one half was sprayed by means of the settling tower and the 
other half left unsprayed as a cheek. Conidia were dusted over the sprayed 
and unsprayed half -leaflets. The temperatures employed were 9, 15, 18, 22 
and 28° C. For every repetition of a given experiment 3 unsprayed and 3 
sprayed half -leaflets were used at each temperature. 

The toxicants employed were a proprietary particulate sulphur^ and a 
C.P. grade of copper sulphate (CUSO4 ’ 5H2O). For a given experiment 
the toxicant was applied simultaneously to all of the glass slides (or half- 
leaflets) to be treated, by means of a settling tower similar to the one de- 
scribed by McCallan and Wilcoxon (5). This assured an equal spray 
deposit on all of the slides in any one experiment. The spray deposit was 
regulated so as to allow a spore germination of slightly above 50 per cent 
on the slides at the optimum temperature for spore germination. When 
the glass slides were used each experiment was repeated 3 or 4 times; when 
rose leaflets were used the experiment was repeated 8 times. 

EXPERIMENTAL RESULTS 

Conidia of Sclerotinia fructicola, Y enturia inaequalis, and Sphaerotheca 
pannosa var. rosae were used in studying the effect of temperature on the 
toxicity of sulphur. The percentage germination of the checks at the vari- 
ous temperatures is shown in figure 1, A. The optimum temperature for 
the germination of the conidia of the 3 organisms was approximately the 
same, 21° C. In figure 1, B, the germination ratio obtained by dividing the 
average percentage germination on the treated surfaces by the average per- 
centage germination on the check surfaces at each respective temperature is 
represented. Thus, the higher the ratio the less effective the toxic agent in 

1 Walcolized Sulplmr obtained from Walco Products, Inc., 512 Greenwicli St., New 
York, N. Y. 
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inhibiting spore germination, and the lower the ratio, the more effective the 
toxic agent. The data show that the highest ratios occur at approximately 
the optimum temperatures for spore germination for the three organisms 
used. 



— SCLEROTtNiA FRUCTICOLA 'SCLEROTINIA FR'UCTICOLA 

VENTURIA INAEQUALIS o ALTERNARtA SOLANl 

SPHAEROTHECA PANNOSA ■ UROMYCES C ARYOPHYLL INUS 

Tiq. 1. Graphs showing the percentages of spores germinating on unsprayed glass 
slides and rose leaflets (A and C) at different temperatures and the ratios of spore 
germination on sprayed and unsprayed glass and leaf surfaces at the same temperatures 
(B and B). A. Percentage germination of conidia of Sclerotinia fructicola and Venturia 
Inaequalis on unsprayed glass slides and of Sphaerotheca pannosa var. rosae on unsprayed 
rose leaflets. B. Ratios of the corresponding spore germination on glass slides and on 
rose leaflets as affected by a particulate sulphur. C. Percentage germination of conidia 
of Sclerotinia fructicola, Alternaria solani, and of urediospores of Vromyces earyophyh 
linus on unsprayed glass slides. D. Ratio of the corresponding spore germination on 
glass slides as affected by copper sulphate. 

In studying the effect of temperature in relation to the effect of copper 
on spore germination, conidia of Alternaria solani/ Sclerotinia fructicola, 
and urediospores of Uromyces caryophyllinus were used. The percentage 
germination of the checks in the respective temperature chambers is graphi- 
cally illustrated in figure 1, C. It should be noted that the optimum tern- 
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peratiire for Sclerotinia fructicola is 21° C., while that for Alternaria solani 
is 27. The germination obtained in these experiments with Tlromyces caryo- 
phylUnus low and cannot be considered conclusive. It merely offers 
indicative evidence. The ratios are graphically represented in figure 1, D. 
The maximum ratios (where copper inhibited spore germination least) 
occur at temperatures of 18, 18-21, and 27° C. for Uromyces caryophylUnus, 
Sclerotinia fructicola, and Alternaria solani, respectively. 

discussion and conclusions 

The data presented accord with the conclusions of Clark (2) and of 
Brooks (1), namely, that toxic materials are least effective at the optimum 
temperature for the organism concerned and that both above and below 
this optimum temperature these materials are more toxic. 

There are many practical implications involved in the question of the 
relation of temperature to toxicity. Knowledge of this relation may aid the 
pathologist in recommending spray programs or may help him to explain 
why a particular fungicide has given excellent results one season but not 
the next. It may be of considerable importance to the greenhouse man, 
since, during the winter, he can temporarily adjust the temperature to meet 
the recommendation. It would seem from these data that in order to de- 
stroy a particular pathogen, it would be better to apply a toxic material 
when the temperature is above or below the optimum temperature for this 
organism. However, the time required for the killing of an organism by a 
toxic agent at temperatures below the optimum for that organism would 
probably be longer than that required at higher temperatures. Therefore, 
in most eases it would be more desirable to apply a toxic agent when the 
temperature is above the optimum. An example of a case in which sulphur 
was more effective at a low temperature than at the optimum was reported 
by Smith (7). He stated that dusting sulphur was effective in controlling 
brown rot of peaches under storage conditions at temperatures of 40, 45, and 
55° P. (4.5, 7.0, and 13° C.), but that no control was obtained in the lots at 
temperatures of 65 to 85° F. (18.5 to 29.5° C.). The peaches to which sul- 
phur was not added were readily rotted at all temperatures. If these tem- 
peratures are compared with the optimum for Sclerotinia fructicola in 
figure 1, A, or 1, C, it will be seen that the temperatures where no eontrol 
was obtained were in the range of the optimum for the fungus, whereas 
those temperatures where control was obtained were much below the 
optimum. 

The data presented in this paper, however, deal only with spore ger- 
mination. Further studies need to be made of the relationship of tempera- 
ture and fungicides to the control of plant diseases. 

SUMMARY 

Studies have been made on the effect of temperature on the fungicidal 
activity of copper sulphate and a particulate sulphur at temperatures be- 
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tween 6 and 33° C., inclusive. Copper sulphate was employed against 
eonidia of Sclerotinia fmcticola wad Alternaria solani and against uredio- 
spores of Uromyces caryophyllinus. Sulphur was employed against eonidia 
of Sclerotinia fructicolay Venturia maeqiialis, and SpJiaerotheca pannosa 
var. rosae. 

Copper sulphate and sulphur were least effective at the optimum spore 
germination temperatures of the organisms employed. 

Cornell University^ 

Ithaca^ New York. 
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SOME FACTORS AFFECTING THE INFECTION OF TOMATO 
SEEDLINGS BY ALTERNARIA SOLANI^ 

* . W. D. Moore 

(Accepted for |)iiblicatioii August 26, 1941) 

INTRODUCTION 

i During recent years tlie southern production of vegetable seedlings for 

I transplanting in the North, has developed into an important agricultural 

industry. Of the several crops grown, the tomato is of greatest importance 
both in value and in acreage planted. With these field-grown plants, the 
leaf spot and stem canker caused by Alternaria solani (E. and M.) J. and G. 
has been one of the most important of tomato disease problems. Tomato 
seedlings grown in the South during the early spring are produced under 
conditions different from those encountered by plants grown under protec- 
tion in the North, since they are subject to variable weather conditions and 
i; undergo considerable handling during harvesting and packing for shipment. 

I As these factors may influence infection by A. solani, the limits of tempera- 

I ture and liumidity within which infection may occur and the relation of 

; mechanical injury to infection are of considerable importance in the study 

1 of the disease on field grown seedlings. 

( TEMPERATURE AND HUMIDITY 

The influence of temperature and humidity on infection by Alternaria 
solani has been shown by Heald (1) and Rands (3, 4) for potatoes, and by 
Rands (4) and Weber (5), for tomatoes, in reports dealing with the maturing 
plant. Kreutzer and Durrell (2) showed that this organism can produce 
collar rot on tomato seedlings at temperatures greater than the optimum 
for good plant growth but they did not study the leaf-spot phase of the 
disease. Both Rands (4) and Weber (5) report that periods of high 
humidity are followed by the appearance of abundant infection and that 

I fairly high temperatures also are most conducive to the development of 

; the disease. 

j In the course of investigations of the leaf spot and stem canker caused 

* by Alternaria solani on tomato seedlings in southern plant fields, data have 

been recorded on the effect of different periods of high humidity on the 
development of leaf spot in order to ascertain the duration necessary for 
an appreciable amount of infection. Studies also have been made with 
regard to the lower range of temperatures at which leaf -spot infection may 
occur. 

In order to determine the influence of varying periods of high humidity 

1 Cooperative investigations between tlie Division of Fruit and Vegetable Crops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Georgia 
Coastal Plain Experiment Station, Georgia Agricultural Experiment Station, Geoi'gia 
Department of Entomology, New Jersey Agricultural Experiment Station, and Indiana 
Agricultural Exi)eriment Station. 
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on leaf -spot infection, several tests were conducted in the greenhouse in 
which 4 sets of inoculated tomato plants were held at a fairly uniform 
temperature. Three of these sets were incubated for 4, 8, or 16 hours’ 
time in moist chambers having an atmosphere of 98-100 per cent relative 
humidity. During* the time that the plants were not in the hig*h-huniidity 
chambers, they were held in a greenhouse atmosphere that varied in relative 
humidity from 40 to 80 per cent. In the temperature studies, the humidity 
was held approximately constant and the temperature was maintained at 
different mean levels. Plants of equal age and vigor were used in all experi- 
ments. Inoculations were made at the beginning of each test by spraying a 
heaY^" spore suspension of Alternaria solani over the foliage with an 
atomizer. Leaf -spot counts were made after an incubation period of 4 to 
10 days. 

The influence of prolonged high humidity development of leaf spot is 
shown in table 1. From these data it was found that periods of high relative 


TABLE 1. — The development of A, solani leaf spot on inoculated tomato plants fol- 
lowing incubation in an atmosphere of 98—100 per cent relative humidity for numbers of 
hours shown. {Bight S-plant ctiUures per treatment in each experiment) 


Test 

numbers 

Date 

inoculated 

Date 

counted 

Mean number of leaf spots per culture 

0 

Hours 

4 

Hours 

8 1 
Hours 

16 

Hours 

1 

2/14/41 

2/20/41 

0 

5.3 ± 0.8^^ 

47.8 + 18.8 

285.2 + 55.5 

2 

3/10/41 

3/24/41 

0 

3.6 ± 1.0 

24.6+ 5.0 

166.7 ± 18.9 

3 

3/24/41 

4/ 4/41 

0 

6.8 ± 1.6 

21.3+ 2.9 

154.3 ± 20.2 


a Standard error of the mean. 


humidity for as little as 4 hours were sufficient to induce appreciable leaf- 
spot incidence, but no infection occurred when inoculated plants were held 
at the lower humidities of the open greenhouse. Disease development in- 
creased, though not proportionately, as the hours of high relative humidity 
were increased. Daily observations of all lots of plants in these experiments 
showed that humidity sufficient to cause an accumulation of dew on the 
tomato foliage is necessary for infection hy Alternaria solani 


TABLE 2. — Development of A. solani leaf spot on inoculated tomato plants incu- 
bated at a constant humidity level but at different temperatures. {Bight S-plant cultures 
per treatment in each experiment) 


Test 

numbers 

. ^ 1 

Date 

inoculated 

Date 

counted 

Mean number leaf spots per culture 

Mean 

temperature range 
54-62° E. 

Mean 

temperature range 
74-82° F. 

:i^ ' 

1' ''1/23/41 

1/31/41 

142.6 + 13.0» 

446.8 + 95.6 

, : 2 ' 

' 2/18/41 

2/26/41 

225.3 ±28.3 

278.7 + 37.8 

3 

3/18/41 

3/26/41 

62.6 + 15.3 1 

190.0 + 27.0 

4 

3/28/41 

4/ 7/41 

95.0 + 30.7 

153.2 ±24.1 


a Standard error of the mean. 
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In tests where approximately uniform humidity was maintained at a 
level sufficiently high to iiidiiee infection by Alternaria solaniy and the tem- 
perature was held at mean levels between 54^^ and 62° and 74° and 82° P., 
leaf-spot infection increased as the mean temperature was increased, with 
a rather abrupt increase at 60° P. or above. Prom the data shown in 
table 2, it is apparent that leaf -spot infection in the field, under favorable 
conditions of humidity, wall develop more abundantly as the mean daily 
temperatures rise during the advancing spring season. It is of particular 
interest, however, to note that appreciable infection by A. solani occurred at 
the lowest temperatures included in these tests, some of which were mate- 
rially lower than the daily mean ordinarily experienced in the plant fields 
of the South. Prom the standpoint of the commercial grower, this is of 
considerable importance, since it suggests that infection may take place 
under all field growing temperatures, provided sufficient moisture is present 
on the leaves. 

FOLIAGE INJURY 

In the normal process of harvesting, packing, and shipping tomato seed- 
lings, some injury to the foliage and stems is unavoidable. In view of the 
fact that both humidity and temperature are quite favorable for infection 
in the shipping crates, several tests were made to determine what influence 
foliage injury might have upon increased disease incidence. In these tests, 
one series of plants suffered no injury, the foliage of another was subjected 
to a unit (300 g.) quantity of sand per series from a small sand-blowing 
machine, and that of still another to two units of sand. In no case was 
there visual evidence of appreciable injury to the epidermis of the leaves 
after the sand blowing was completed. Pollowing this treatment, all lots 
were inoculated with approximately equal amounts of a heavy spore sus- 
pension of Alternaria solani and held for periods of from 5 to 8 days in a 
moist chamber, where both humidity and temperature favored infection. 
Leaf -spot infection (Table 3), under the conditions of these tests, was 
increased by mechanical injury immediately before inoculation. In view 

TABLE Z.—TJie development of A. solani leaf spot on tomato plants moculated fol- 
lowing different degrees of mechanical injury. {Bight 3-plant cultures per treatment in 
each experiment) 


Leaf spots per culture after treatment 


Test 

numbers 

Late 

! inoculated 

Late 

counted 

Control 

Sand abrasion 

300 g. sand 600 g. sand 

■ 

1/21/41 

1/28/41 

107.5 + 31.5a 

619.3 + 76.0 879.7+ 97.0 

2 

1/21/41 

1/29/41 

339.2 + 39.3 

594.8 + 72.1 743.8 + 101.5 

3 

3/3/41 

3/10/41 

80.8 + 17.7 

96.3 + 20.4 129.6+ 17.2 

‘'i Standard error of the mean. 


of the plant injury caused during certain periods of blowing sands, also 
the unavoidable injury incident to the normal process of harvesting and 
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packing* tomato seedlings, it appears that leaf spot may be enhanced at 
certains times by these factors. 


STEM INJURY 

From the standpoint of the northern tomato grower, the stem canker 
phase of AUernaria solani infection on tomato seedlings is a matter of much 
greater importance, than is leaf spot. Since seedling stems, as well as foliage, 
are invariably subjected to slight mechanical injuries during harvesting and 
shipping, a series of inocnlation tests was made to deteimiine the effect of 
this injury on subsequent development of stem canker. As in the case of 
the foliage experiments, certain series w^ere inoculated without injury to 
the plant stems, others were inoculated after the stems were subjected to 
a unit (432 g.) quantity of sand per series from a sand-blowing machine, 
and still others after being subjected to 2 units of sand. All lots were held 
under the same conditions of temperature and humidity for periods of 3 to 
5 days, and then read for stem canker (table 4). From these data, it appears 


TABLE 4. — The development of A. solani canlcers on tomato plants subjected to dif- 
ferent degrees of injury prior to inoculation. (Eight S-pla7it cultures per treatment in 
each experiment) 


Test 

numbers 

Date 

inoculated 

Date 

counted 

Stem cankers per culture after treatment shown 

Control 

Sand abrasion 

432 g. sand 

864 g. sand 

. 

1 

11/18/40 

11/22/40 

0 

4.8 + 1.0 

16.8 ± 3.2 

2 

5 11/25/40 

11/29/40 

1.6 + 0.5a 

83.3 + 8.7 

111.2+13.2 

3 

1/11/41 

1/14/41 

i ^ ■ 

14.0 + 7.5 

40.8+ 8.4 

4 

j 1/13/41 

1/17/41 

1 0 

1 

52.0 + 5.5 

i 

88.2+ 8.2 


^ Standard error of the mean. 


that stem canker development, under conditions of optimum temperature 
and humidity, is likely to increase because of injury sustained by the plants 
during harvesting and shipping. 

DISCUSSION 

Most of the tomato seedlings produced in the South for northern ship- 
ment are grown during March, April, and May. For most plant areas in 
the southeast, this period is fairly free from excessive rain and high 
humidity. In the light of data collected on disease incidence under different 
humidity conditions, it appears that AUernaria solani leaf spot may be 
expected to become seriously important only during periods of prolonged 
high humidity. Field observations throughout all sections of the plant- 
producing area of southern Georgia during the period 1937-1940, inclusive, 
have indicated the validity of this conclusion (Table 5). Since the mean 
daily temperatures during the spring months rise at a fairly uniform rate 
each year, disease incidence may be expected to increase with the advance 
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TABLE 5,— The nimher of days and the mean number of hours per day with 4 or 
more hours of 90-100 per cent relative humidity at Tifton, Ga., during the March W to 
May W period for the years 19S7 to 1940 together with observatio7is of general field infec- 
tion of Alternaria solani 


Year 

March 

April 

May 

General field 
infection by 
A. solani 

Num- 

ber 

days 

Hourly 
mean 
per day 

Num- 

ber 

days 

Hourly 
mean 
per day 

Num- 

ber 

days 

Hourly 
mean * 
per day 

1937 

7 

6.5 

18 

8.0 

10 

5.0 

Light 

1938 

8 

9.5 

17 

7.8 , 

6 

7.6 

Light 

1939 

11 

11.6 

25 

10.8 ! 

19 

10.2 

Severe 

1940 

3« i 

9.3 

14 

6.7 i 

1 

5 

5.2 

Light 


a Eccord for 5 days. 


ill temperatiii'es during those seasons when humidity conditions are favor- 
able for infection. 

During the process of pulling and packing tomato seedlings, some mechan- 
ical injury is unavoidable. Since the plants are packed in -wet peat moss, 
a high humidity is created in the shipping crates, particularly near the 
center, and this is conducive to disease development. In many instances, 
the crates are subjected to temperatures that are likewise conducive to 
infections of both the leaves and stems. In the light of the data on the 
influence of mechanical injury, it appears that, under the above-mentioned 
shipping conditions, leaf spot and stem canker on tomato seedlings may be 
increased through mechanical damage to either foliage or stems. 


SUMMARY 

The principal limiting factor in leaf -spot infection of tomato seedlings 
by Alternaria solani^ is humidity. The critical phase of this humidity ap- 
pears to be the number of hours per day in which the atmosphere is near 
saturation rather than the daily mean relative humidity for any given 
period. 

Given humidity conditions suitable for Alternaria solani infection, leaf- 
spot incidence increases with the advance in mean temperature within the 
range studied (to 82° F.). Appreciable infection develops, however, at 
mean temperatures below those considered suitable for good tomato seed- 
ling growth. 

Leaf spot and stem canker increases with the degree of mechanical 
injury to which the plants are subjected prior to inoculation. 
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PHYTOPHTHOEA CKOWN EOT OP LOQUAT 

P. A. Miller 

(Accepted for publication July 23^ 1941) 

The loqiiat, Eriohotrya japonica LindL, has long been grown in Califor- 
nia both as an ornamental and as a fruit tree. According to a 1936 surTey 
(2) there were 147 acres of commercial plantings in the State at that time. 
It is present also in many park, garden, and street tree plantings. In the 
city of San J ose, California, a survey showed 231 loquat trees had been 
planted in roadside parking areas. Despite this widespread planting, the 
crown rot disease due to natural infection by Phytopkthora cactomm (L, 
and C.) Schrot. has not previously been reported or described in California. 
No record of its occurrence elsewhere in the United States has been found. 

HISTORY OP CROWN ROT 

Dufrenoy (4), in 1927, isolated a Phytophthora from loquat crown-rot 
lesions in Corsica, which he named P. omnivora parasitica forma eriobotryae. 
The following year Nicolas and Aggery (6) reported this fungus as a new 
parasite of the loquat. Tucker (9) suggested that the name of the organ- 
ism be changed to P. 

Tucker (10) recorded an isolation of Phytophthora cactomm from the 
loquat in Japan in 1932 by T. Tasugi. In 1937, C. 0. Smith (8) reported 
successful artificial inoculations of the loquat and 41 other species of plants 
with a pure culture of P. cactorum, isolated from Jtiglans regia. Baines 
(1) successfully inoculated flax and peony plants and two varieties of apple 
with the culture of P. cactomm isolated from loquat by Tasugi. 

In July, 1939, two 11-year-old loquat trees in the Subtropical Horticul- 
ture orchard at the University of California at Los Angeles were found 
affected with a crown or collar rot. Isolations from the margins of these 
crown lesions yielded cultures of P. cactomm} One of these trees was the 
Early Eed and the other the Advance variety, both budded on seedling 
loquat stock. i 

SYMPTOMS OP THE DISEASE 

The Early Eed tree had two irregular necrotic bark lesions located on 
opposite sides of the trunk at the crown or collar. A light scraping of the 
bark revealed the margins of these affected areas. The outer bark tissues 
of the small but rapidly advancing areas were discolored several inches be- 
yond the zone in which the entire bark was affected to the cambium. These 
reeentl}^ invaded tissues were light brown and appeared watersoaked, with- 
out any exudation. Brown streaks in the cambium region extended several 
inches beyond the margin of the affected iareas as in the Phytophthora trunk 
canker or collar rot of apple trees described by Baines (1). The discolora- 

1 The assistance of Dr. C. M. Tucker in the identification of the culture is gratefully 
acknowledged. 
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Fi(^. 1. Advance loquat tree on seedling root girdled by Pliytophthora crown and 
trunk lesions (see Fig. 2) . Progressive defoliation has left only clusters of yellowish 
green, immature leaves at the ends of the branches. 

The margins of old inactive cankers on this tree were clearly defined by 
a hark crack that followed the outline of the lesions. Drying and shrinkage 
of the dead bark within these areas produced continuous transverse cracks 
that in some eases extended the full width of the canker. Short, discontinu- 
ous, longitudinal cracks broke the surface into small irregular patches of 
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tion of the* invaded sap wood and the strong odor of fermentation in the 
diseased bark, which he mentions, were notable characteristics of this loquat 
disease. The color of the invaded bark varied from Ridgway’s (7) fuscous 
brown to fuscous black at the surface and from Prout’s brown to mummy 
brown beneath, in contrast with the parrot or cress green color of the sur- 
face and the white color of the inner tissues of the healthy bark. 

The presence of the disease was first detected by the appearance of the 
secondary symptoms on the Advance tree (Fig. 1). The initial crown-rot 
areas had merged, completely girdling the trunk at the soil level and had 
extended upward to the main branches. Defoliation had started with the 
loss of the older leaves and progressed until only a tuft of small, yellow, 
half -grown leaves remained at the ends of the terminal branches. The yel- 
lowing and dropping of the leaves accelerated the decline of the tree. The 
development of flower clusters was checked and the fruit set greatly reduced. 
This tree died and was removed in January, 1940, before any of the fruit 
reached maturity. 
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dry, dead bark. On some part>s of the trunk these bark scales curled away 
from the trunk, loosened, and sloughed off, exposing the wood (Pig. 2) . 

ISOLATION OF THE CAUSAL FUNGUS 

Successful isolations of Fliytoplithora cactorumi from infected tissues 
were made by all of the following methods. Direct transfer of small bits 
of diseased tissue from active canker margins that had been surface- 
sterilized with 95 per cent alcohol yielded a number of pure cultures. 
Blocks of tissue from the advancing margins of cankers were dipped in 95 
per cent alcohol, passed through a gas flame, and placed in sterile moist 
chambers. Transfers of the mycelia from these blocks yielded pure cul- 


Pure cultures obtained by these various methods were used to inoculate 


Fig. 2. Advance loquat, 11 years old showing definite margins, bark cracks and bark 
shedding of old canker that extended around the trunk. 

tures. Pure cultures also were obtained from apples inoculated with dis- 
eased loquat bark tissue. A fourth method was used to reisolate the fungus 
from artificially inoculated steins of small seedling loquat trees. Sections 
of the diseased stems were supported on a wire screen placed on the top of 
a moisture dish or bell jar filled with water. Dripping wmter from a faucet 
splashed over the partly submerged stem sections. Bits of mycelium, wdiich 
emerged from the diseased tissue, were transferred to agar in culture tubes. 
Potato-dextrose agar was used for all cultures. 


ARTIFICIAL INOCULATIONS 
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fruits of watermelon, quince, apple, and lemon and seedlings of sweet 
orange, rougli lemon, loquat, pineapple guava (Feijoa sellowiana) and natal 
plum {Carissa grandiflora). The fruit inoculations were made by inserting 
mycelium in rind punctures, each fruit having previously been w^ashed with 
95 per cent alcohol and placed in sterile moist chambers. The inoculated 
fruits were held at room temperature (approximately 70° ¥.). The method 
described by Smith (8) was used in the inoculation of the 3 seedlings of each 
kind. A 3/16-ineh cork borer was used to make the inoculation wounds. 
One check plant was used in each group. 

Twn weeks after inoculation, the infected areas on w^atermelon fruits 
averaged 7 cm. in diameter and showed surface growth of mycelium. Pieces 
of infected tissue, transferred to sterile tap wnter in Petri dishes, were held 
48 hours at room temperature. Microscopic examination of macerated bits 
of this tissue showed b 3 ^ that time an abundance of typical antheridia, 
oogonia, oospores, and sporangia of PhytopMhora cactorum. 

Six days after inoculation, 3 quince fruits had developed infected areas 



Pig. 3. Typical lesion produced by artificial inoculation of a locust seedling with 
Fhytophthora cactorum isolated from naturally infected Early Bed loquat tree. 

averaging 4 cm. in diameter. Pour inoculated apple fruits of the Winesap, 
eJonathan, Newtown Pippin, Rome Beauty, Bellflower, and Red Delicious 
varieties, after 9 days, had infected areas averaging from 5 to 7 cm. in 
diameter. Microscopic examination of rotted apple and quince tissues, after 
2 days in sterile water, showed numerous oogonia and oospores but very few 
sporangia. 

The lemon-fruit inoculations, though repeated several times, were nega- 
tive, as were those of the seedlings of sweet orange, rough lemon, pineapple 
guava, and natal plum. Inoculation of 6 loquat seedlings on November 21, 
1939, resulted in fvpical lesions varying in length from 2 to 17 cm. The 
17 (Gu. lesion was measured 45 days after date of inoculation; the others, 
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after 56 days had elapsed. The wounds on the 3 check seedlings had com- 
pletely healed. One of these typical eankei^ resulting from an artificial 
inoculation is shown in figure 3. 

DISCUSSION OP ARTIFICIAL INOCULATIONS 

Smith (8) reported successful inoculations of lemon fruits and lemon, 
sweet orange, and loquat trees with the culture of Phytophthora cactorum 
isolated from walnut crown-rot lesions. The negative results of the writer ^s 
inoculations with the isolate from loquat suggest that it may be a different 
physiologic race of P, cactorum from that used by other workers. Baines 
(1) has presented evidence of the existence of physiologic races of this 
fungus. However, since he also found young Grimes Golden apple trees, 
2 to 4 years old, highly resistant to both artificial and natural infection, the 
negative results from inoculations of the citrus, feijoa and earissa seedlings 
in this ease may not have great significance. It will be necessary to repeat 
the inoculations using mature trees or plants to obtain further evidence of 
racial difference. 

CONTROL METHODS 

Decortication followed by a fungicidal application is the treatment gen- 
erally recommended (3, 5) and widely used for the control of phytophthora 
gummosis of citrus trees and crown rot of walnuts. In July, 1939, the 
crown-rot lesions of the Early Bed loquat tree were treated by this method. 
The bark was scraped lightly to determine the full extent of the infected 
areas. The dead bark within the areas and the healthy bark 1 to 1-| inches 
beyond the margins and through the cambium to the wood were removed 
with a pruning knife. A fungicidal wash of ^ oz. of dry Bordeaux mix- 
ture, dissolved in a pint of water, was applied to the treated areas with a 
brush. In the 2-year period since these areas were treated, neither of them 
has shown further development. 

SUMMARY 

A crown rot of the loquat tree, attributable to natural infection by 
Phytophthora cactorum^ is described and reported for the first time in this 
country. Another species of Phytophthora had previously been isolated 
from this host in Corsica and reported as a new parasite of the loquat. P. 
cactorum, isolated from this host in Japan and from walnut crown-rot lesions 
in California, have been reported able to infect numerous other artificially 
inoculated host plants. 

Irregular brown to black necrotic bark lesions develop at the crovm or 
collar of the tree and extend upward on the trunk and main branches. The 
bark of old cankers dries, cracks, curls away from the trunk, and sloughs 
off in patches. In advanced stages of the disease the secondary symptoms 
V appear as a progressive yellowing and dropping of the leaves and general 
decline of the tree. 
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Isolation of Phytophthora cactorum from the infected tissnes was accom- 
plished by 4 different methods. Artificial inoculations of watermelon, apple, 
and quince fruits and loquat seedlings resulted in infections. Typical cank- 
ers developed on the inoculated loquat seedlings. 

Decortication, followed by a fungicidal wash, gave effective control of 
the disease in its early stage. 

University op California, 

Los Angeles, California. 
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THE SUCCESSFUL TEANSMISSION OF PSOEOSIS OF CITEUS 
TEEES IN FLORIDA BY BAEK GEAPTING 

Arthurs. Rhoads^ 

(Accepted for publication July 22 , 1941) 

Tile coiiviiiciiig demonstration in 1933 and 1934 by Fawcett (2, 3, and 
subsequent papers) that psorosis of citrus trees is a virus disease engendered 
an entirely new concept of this peculiar disease that has baffled investigators 
for many years. The writer has devoted more than a decade to the study of 
this complex disease in Florida with a view to determining its nature and 
cause and the possibility of controlling it by the bark-scraping treatment. 
He has never been able, however, to isolate an organism other than certain 
ubiquitous fungi commonly associated with it as secondary organisms. In 
recent years Florida growers have spent considerable time and money in 
endeavoring to treat psorosis by the bark-scraping method and in making 
injections of various chemicals into the trunks and limbs of diseased trees, 
but without success. The writer (6, 7) conducted for 11 years extensive 
experiments on many trees to determine the effectiveness of bark-scraping 
in the control of this disease. At the end of this period it could only be 
concluded that this treatment was very effective in most cases in apparently 
curing psorosis, or at least temporarily arresting its progrevss, on orange 
and grapefruit trees, provided the work be carefully and thoroughly done 
in the early stage of development of the disease. Even then, however, the 
disease often developed again in the renewed bark over old treated lesions 
or at new points on the treated trees in subsequent years. It was found 
(5) that by the time the disease had reached an intermediate stage of devel- 
opment it almost invariably became systemic and, following the death of 
areas of the bark, the interior wood of the limbs and trunks of attacked trees 
usually became extensively invaded and discolored by various secondary 
fungi that greatly expedited the decline of the trees. These results appear 
to agree generally with those secured by Fawcett (4) in California and the 
experience of Doidge and Turner (1) with this disease in South Africa. It 
is now agreed by all who have given psorosis serious study that it is an in- 
fectious disease transmissible through budwood taken from trees that may 
not show even the bark symptoms of this disease but may be carrying it in a 
latent form. Usually, from 8-10 years are required for psorosis to mani- 
fest itself by the development of the well-known bark symptoms. As Faw- 
cett (2, 3, 4) has shown, however, the leaf symptoms may appear much 
earlier. Doidge and Turner (1) state that psorosis may continue to develop 
on individual trees that have been in the orchard for 20 to 30 years, or even 
longer, without having previously shown bark symptoms. They also state 
that even psorosis-affected trees that were cut off an inch or two above the 

1 Formerly Plant Pathologist, Citrus Field Laboratory of the Florida Agricultural 
Experiment Station, Cocoa, Florida. 
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bud union and bad gTown into apparently liealtby trees, again developed 
this disease some 7 years later. 

In 1935, following tbe presentation by Fawcett (2, 3) of evidence that 
psorosis is a virus disease, the writer, lacking opportunity to conduct exten- 
sive experiments along this line, made a small series of bark grafts in a few 
large bearing citrus trees. In one of his periodic treatments of trees for the 
control of psorosis in a grove at Bonaventure, an unusually fine bark lesion 
18 inches long w^as found on an orange limb 4 inches in diameter. The sec- 
tion of the limb bearing this active psorosis lesion was divided into tw^o 
pieces, one of which was used on May 16 to make a dozen patch-bark inocu- 
lations into the upper central limbs of 5 orange trees about 28 years old in a 
grove near Courtenay on Merritt Island. Pieces of the diseased bark f-inch 
square were removed and inserted on the limbs at points where areas of 
bark of exactly the same size were removed. The pieces of bark thus used 
as inoculum were held firmly in place with string and painted with melted 
paraffin. Three inoculations were made on the limbs of each of 3 trees, 2 on 
limbs of another, and 1 on a limb of a fifth tree. 

The other half of this section of limb bearing the psorosis lesion was used 
for making a series of 20 cultures, of which 17 remained sterile, 1 developed 
Collet otrichum gloeosporioidesj 1 FJiomopm citri and 1 a slow^-growung 
Diplodia-lilie fungus. 

The series of patch-bark inoculations was inspected on October 15, at 
which time it w^as apparent that but 6 were successful. These inoculations 
W'Cre inspected at intervals of 2 or 3 times a year, but there w^as no evidence 
of the transmission of the bark symptoms of psorosis as late as the end of 
AugUvSt, 1937. However, at the next inspection on June 7, 1938, 3 years 
and 1 month from the date of the inoculations, it was clearly apparent that 
definite eases of psorosis were developing from some of the successful |)atch 
grafts on 3 of the 5 trees. At this time 2 of the 3 inoculations on tree No. 1 
showed the typical beginnings of psorosis, the single inoculation on tree 
No. 2 show^ed a single small scale of bark at the upper left corner, and of the 
3 inoculations on tree No. 4, 2 showed early stage bark scaling typical of 
psorosis, and the other had developed merely a slight bark scale at the left 
side. 

At the next inspection on May 18, 1939, evidence of the successful trans- 
mission of psorosis wms much more pronounced. On tree No. 1 the 2 suc- 
cessful inoculations had developed typical psorosis, but the tree was mani- 
festing that chronic wilt and decline designated as blight, and was removed 
during the summer. The single successful inoculation on tree No. 2 show^ed 
a single large scale of bark partly exfoliated at the upper left corner. On 
tree No. 4 all 3 inoculations showed lesions about 3 inches long and extending 
f around the limbs. 

In the inspection of June 10, 1940, the single successful inoculation on 
tree No. 2 showed more bark sealing, and typical psorosis had developed at 
the left side of the inoculation. On tree No. 4 a characteristic psorosis 
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lesion extended all tlie way around one limb, | tiie way around another, and 
a slight lesion had developed on the other inoculated limb. 

At the inspection on August 27, 1940, just prior to the closing of the 
Citrus Field Laboratory at Cocoa, the single suceessfiil inoculation on tree 
No. 2 showed a typical psorosis lesion 2 in. long and IJ in. wide at the left 
side of the inoculation. On tree No. 4 the lesion on the 2J-in. limb on the 
west side had attained a length of 5 in. and just about completely encircled 
it, with very pronounced bark sealing and another separate area of bark 
scaling developed slightly above. On the inoculated 2f-in. limb on the 
northwest side a typical psorosis lesion 3 in. long and extending part way 
around it, mostly on the left side of the inoculation, had developed. The 
third limb, which was 2 in. in diameter, had developed a typical psorosis 
lesion 6 in. long and completely encircled it. This was removed and photo- 
graphed (Fig. 1). 


Fig. 1. Typical bark-scaling lesion of psorosis 6 indies long and completely encircling 
2-incb orange limbj this developed 5 years after grafting |-inch square patcli of bark 
(indicated in center) from lesion on another orange tree. 

At the final inspection on June 10, 1941, the psorosis lesion on tree No. 2 
had attained a maximum length of 3 in. and extended half way around the 
2J-in. limb on the left side of the inoculation. On tree No. 4 the lesion on 
the 2|-in. limb on the west side had completely encircled it and attained a 
maximum length of 6 in, on one side, with a separate small sealing area 
above. The lesion on the 2|-in. limb on the northwest side extended half 
way around it, mostly on the left side of the inoculation, and had a maxi- 
mum length of 4 in. 

It is apparent from the f oregoing that psorosis has been definitely trans- 
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niitted by bark grafting* in 6 out of 12 inoculations and the typical bark 
symptoms of the disease reproduced, their development first being apparent 
after the lapse of approximately 3 years. Even after the lapse of 3 addi- 
tional years, however, this slow-developing disease had made very little 
progress. No bark symptoms of psorosis developed at any points on the 5 
trees used in the experiment other than where inoculations were made, and 
no evidence of psorosis developed in any of the 6 inoculations where the 
patch of bark used as the inoculum failed to unite with the tissues of the 
tree. This inoculation experiment furnishes definite proof that psorosis is 
an infectious disease that may be transmitted from diseased to healthy trees 
by union of tissues and confirms the work of Fawcett, who has demonstrated 
that the causal agent is a virus. 
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PHLOX RESISTANT TO POWDERY MILDEW^ 

E . B . Mains 

(Accepted for publication July 25, 1941) 

The powdei^y mildew of phlox is placed by Salmon^ in the species 
Erysiphe cichoraceariim DC. It is rather widespread on garden varieties 
of both the perennial {Phlox paniculaia L. and P. mamlata Jj.) and the 
annual phlox (P. dmmmondii Hook.). In the vicinity of Ann Arbor, 
Michigan, it ordinarily becomes noticeable early in the summer and is nsnally 
severe by late summer. It may cause considerable defoliation. When this 
occurs for several years the plants are much weakened. Even when the 
disease is less severe, the mildew makes plants unsightly, a very undesirable 
condition for an ornamental. 

PERENNIAL PHLOX 

In 1933, mildew was unusually severe in the writer’s garden. Between 
several named varieties of perennial phlox there were a number of seedlings. 
It was noted that one of the latter remained free from milde-w throughout 
the season, while the other plants were severely infected. In the spring of 
1934, a division of the resistant plant was transplanted to the greenhouse 
of the Botanical Garden of the University of Michigan. Here it was studied 
in comparison Avith 22 named varieties.® In addition 25 seedlings occurring 
in the vicinity of the resistant plant, and apparently from seed produced 
by it, also were tested. These plants were repeatedly inoculated with 
mildew from May through August. Very pronounced differences occurred. 
All the named varieties were more or less susceptible. The varieties Africa, 
Commander, Ethel Pritchard, Graf Zeppelin, Lillian, Marechal French, Miss 
Lingard, Mrs. W. Van Bueningen, Nicholas Flammel, Paladin (Pig. 1, D). 
Rijnstroom, R. P. Striithers, Thor, Von Lassburg and Widar were very 
susceptible. By the first of August, most of their leaves had been killed. 
The varieties Columbia (Pig. 1, C) Enchantress, Emain Macha, Leo Schla- 
geter, Pastel, Saladin, and Milly Van Hoboken were less susceptible, mildew- 
ing somewhat more slowly. By the end of the season their leaves were cov- 
ered with the fungus. The original resistant selection (H 1) was highly 
resistant (Pig. 1, A) throughout the entire period. No mildew was evident 
and the leaves were in good condition at the end of the season. Of the 
seedlings assumed to have been derived from the resistant plants, 4 Avere 
very susceptible, and 4 moderately susceptible. A limited amount of mil- 

1 Paper from the Department of Botany, Botanical Garden and Herbarium of the 
University of Michigan. 

2 Salmon, Ernest S. A monograph of the Erysiphaeeae. Mem. Ton*. Bot. Club. 9: 
1-292. 1900. 

8 The results were briefly reported at the 27th annual meeting of The American Phyto- 
pathological Society at St. Louis, December 31, 1935. Phytopatli. 26: 101. 1936. 
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dew developed on 7 plants. Nine seedlings were highly resistant (Pig. 

B)j showing little or no mildew throughout the study. 

In 1935, the varieties Columbia, Emain Macha, Miss Lingard, Nicholas 
Flammel, and Paladin and the most promising resistant selections from the 
previous studies were planted outdoors in the Botanical G-arden where most 
of them have been under observation since. In 1935, powdery mildew was 
severe. The reactions of the varieties and selections agreed very closely 
with those obtained in the greenhouse in 1934. In 1936, the writer was in 
British Honduras during the summer, and notes were not obtained. In 
1937, mildew^ did not appear until late, and developed slowly. The most 


Fig. 1. Leaves illustrating reactions of selections and varieties of perennial phlox to 
powdery mildew, as the result of inoculations in a greenhouse in 1934. A. Selection H 1, 
very resistant (compare Fig. 2, B). B. Selection BP 19, very resistant (compare Pig. 
2, G). C. Columbia, moderately susceptible. D. Palladin, very susceptible. 


susceptible varieties and selections of previous years became heavily mil- 
dewed. Moderately susceptible and moderately resistant varieties showed 
less mildew and the very resistant selections of previous years continued to 
be so. 

In 1938, mildew was again prevalent, commencing early and developing 
rapidly on susceptible strains. Important changes in reaction occurred. 
All the original resistant selections developed some mildew. The develop- 
ment was slow and only a moderate infection was reached. They were 
classified as moderately resistant j however, the differences in reactions, 
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when contrasted with the freedom from mildew of previous seasons, were 
pronounced. In 1939 and 1940, red spider was so severe in the planting 
that mildew reaction conld not be determined accurately. 

In 1941, mildew again appeared early and developed rapidly; red spider 
was not troublesome. The varieties and selections were subjected to a severe 
test with very interesting results. Several of the original highly resistant 
selections (DP 17, 19, 20) were heavily mildewed (Fig. 2, C) . Others (H 1, 
DP 22, 24) were moderately resistant, as in 1938 (Pig. 2, B). Several (DP 
4, 24) showed a high resistance (Pig. 2, A). The results for a selected nuin- 



Fig. 2. Leaves illustrating reactions of selections of perennial phlox to powdery mil- 
dew in field plantings in 1941. A. Selection DP 4, very resistant. B. Selection H 1, 
moderately resistant (compare Fig. 1, A). C. Selection BP 19, very susceptible (compare 
Fig. 1, B). 

her of the selections and varieties are summarized in table 1. The results of 
the 1938 and 1941 tests strongly indicate that several physiologic races of 
the mildew fungus occur. 

Although no selection has remained entirely mildew-free throughout this 
study, several have been more or less resistant. Selection is being continued, 
with promising results. It should be noted that resistant plants in these 
studies were exposed constantly to inoculation from adjacent heavily mil- 
dewed plants. Much more mildew developed on the resistant plants than 
would have occurred had they been isolated. In the latter case, whenever 
the resistant plant became infected through wind-borne spores, the resistance 
of the selection would have reduced the production of inoculum and thereby 
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greatly retarded the development of the disease. For garden purposes, 
therefore, the moderately resistant varieties should prove very satisfactory 
provided susceptible varieties also are not grown. 

A number of the resistant selections have mallow purple (Ridgway) 

TABLE 1. — Reactions of a selected number of selections and varieties of perennial 
phlox to powdery mildew 


Selection or 

variety ^^3 

_ _ 

BP 4 0 

BP 17 1 

BP 19 0 

BP 20 0 

BP 22 0 

BP 24 0 

Miss Lingard 4 

Columbia 3 

a 0 = very resistant, no mildew or only a trace. 

1 = resistant, infection scattered and poorly developed. 

2 = moderately resistant, development slow and the maximum a moderate amount. 

3 = moderately susceptible, development slow, the plants finally well covered. 

4 = very susceptible, development rapid, the plants early well covered. 

1934 results from inoculation in greenhouse. 

1935, 1937, 1938, 1941 results from field plantings. 

j0[owers, including the original selection which is a very vigorous grower, 
attaining a height of 64 in. under favorable conditions. Several have well- 
arranged, pure white flowers of good size. Others have white flowers with 
deep pink ^'eyes.’^ Some of the recent selections are deep pinks of good 
quality. There is also considerable range in height of plants and dates of 
blossoming. The occurrence of physiologic races of the pathogen compli- 
cates the problem of obtaining mildew-resistant varieties of phlox. The 
results, however, thus far secured indicate that varieties of various types 
can be obtained with considerable general resistance. 


ANNUAL PHLOX 

In 1935 the study was extended to include annual phlox. In order that 
the chances for the discovery of resistant individuals might be as great as 
possible, mixed seed of various types was purchased. From this, 606 plants 
were grown in a greenhouse and inoculated with powdery mildew. Of 
these, 480 were classed as susceptible, 68 as moderately susceptible, and 58 
as moderately resistant. Seed was obtained from 35 of the moderately 
resistant plants and plants grown and inoculated in 1936. Of these, 9 lines 
were outstanding. From these, 156 selections were made and seed obtained. 
The progenies of these were inoculated in the greenhouse in 1937 and 8 lines 
were found uniformly highly resistant. Of these, Strain No. 67-25 is the 
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most promising. In 1941, 91 plants of this line were inoculated in the green- 
house with mildew; all were highly resistant (0-trace). In comparison 168 
plants of a commercial strain were susceptible (3-^). Strain 67-25 has 
large flowers, with a color between pomegranate purple and rose-red (Ridg- 
way) with a large white eye. 

SUMMARY 

Selections of perennial phlox have been obtained that are highly resistant 
to powdery mildew. These include a number of color types. 

Through repeated selection in annual phlox several lines have been 
obtained that are highly resistant to powdery mildew. 

Field evidence indicates that several physiologic races occur in the 
mildew differentiated by the reactions of selections of perennial phlox. 

University op Michigan, 

Ann Arbor, Mich. 


U>SE OP ERADICANT SPRAYS FOR THE CONTROL OF 
ASPARAGUS RUST 


H. W. Anderson, H. H. Thoenberrt, and 
J. P. Pulton 

(Accepted for publication July 31, 1941) 

INTRODUCTION 

Development of rust-resistant varieties of asparagus has been considered 
a solution of the rust problem in America ; consequently, little attention has 
been given to the control of this disease by other means since the introduction 
of the Mary and Martha Washington varieties. Resistance in these varieties, 
however, was known to be near the margin of safety, since rust would often 
appear in a mild form under conditions favorable for its development. 
Furthermore, according to recent correspondence with Lawrence Ogilvie^ 
of the Long Ashton Research Station, University of Bristol, British and 
German pathologists consider these varieties only moderately resistant. 

During the last 4 or 5 years asparagus growers in Illinois have become 
alarmed at the amount of rust developing in their fields. This condition 
has been noted especially in areas of large production. Most of these grow- 
ers have made an effort to establish their beds from seed or plants certified 
to be of the Washington varieties. Attempts to control the rust by the use 
of sprays and dusts have proved ineffective or injurious. 

Knowledge of the life cycle of Puccinia asparagi DC. led the writers to 
believe that it might be possible to control the disease by the use of eradicant 
sprays. There is no good evidence that the rust is perennial, and the only 
method of initial infection in the spring is from the sporidia of the over- 
wintering teliospores. An efficient eradicant spray, applied during the 
dormant season, should prevent germination of the teliospores and thus 
eliminate spring infection. Control under these conditions probably would 
be local, since a focus of aecial development in the neighborhood of the pro- 
tected field would soon bring about a general infection from the repeating 
iiredinial stage of the rust. However, it is the opinion of experienced 
growers that late summer infection does not reduce growth to any extent 
and, consequently, is of little importance, wffiile eaidy infection results in 
severe stunting. 

The problem of control is simplified in commercial plantings by the fact 
that in established beds cutting continues until after the period of primary 
infection by basidiospores. Thus aecia never appear on the plants in 
harvested fields in northern Illinois, where all the stalks are cut up to 
the last of June. Young beds left either uncut or cut for only 2 weeks 
are exposed to the initial infection and thus furnish inoculum for neighbor- 
ing beds after cutting is discontinued. The main problem, therefore, is to 

1 Letter to H. W. Anderson, dated March 9, 1940. 
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control the mst on these nnharvested fields in order to prevent or delay- 
secondary infection. 

The general problem of asparagus-rust epidemiology and control is being 
reinvestigated by one of the writers ( J. P. Fulton) . One phase of this prob- 
lem, the use of eradicant sprays, is here reported, since significant results 
were obtained that may be of use to other investigators. 

PLAN OP THE EXPERIMENT 

At Urbana, the plots were located in a field of asparagus that had had 
a record of heavy rust infection for the past 3 years. Conditions were ideal 
for secondary infection, since the experimental work on production was 
based on planting 3 to 4 rows each year and the new plantings were left 
uncut for 2 years. Thus the harvested rows were always exposed to sec- 
ondary infection from the new plantings, which always developed abundant 
aecial pustules. The area selected consisted of 22 rows approximately’- 250 
feet long ranging in age from 3 to 9 years. Bust was evenly distributed 
over these plots during the summer of 1940, although no exact record of 
infection was made. Telial material could be collected at any point in the 
field during the winter months. 


TABLE 1. — Summary of treatment and results of JElgetol eradicant spray experi- 
ments at Urtana, Illinois 


Plota 

Culturalb 

treat- 

ment 

Concen- 
tration of 
Elgetol 

Dosage 

per 

acre 

Time 
of appli- 
cation 

Stalks inc 

50 hills 
showing aecia 
June 30 

Type ofd 
infection 

No. 


Per cent 

Gal. 


No. 


1 

Uncut 

1 

800 

12/ 5/40 

I 1 

L 

2 

i i 

1 

800 

3/27/41 ' 

4 

L 

3 

({ 

None 

None 


68 

i H 

4 

( c 

2 

800 

12/ 5/40 

47 

L— 16 
H-31 

5 

Cut 

2 

800 

12/ 5/40 

22 

L 

6 

i c 

1 

800 

12/ 5/40 

I 

L 

7 

( ( 

2 

800 

3/27/41 

8 

L 

8 

{ i 

1 

800 

3/27/41 

7 

L 

9 

i ( 

1 

400 

3/27/41 

8 

L 

10 

( { 


400 

3/27/41 

2 

L 


a Plots, except 2 and 3, were 25 feet wide, running across 22 rows; Plots 2 and 3 
were 50 feet wide, across 11 rows. 

b^^Cut^^ means old plants were cut off and burned prior to treatment; Uncut 
means tliat old plants were left until after tbe spring application. 

c Fifty Mils represents about 300 stalks. 

dL = light, 1--5 pustules per stalk; H = heavy, 6 or more pustules per stalk. 

The material used as an eradicant spray was Blgetol (sodium dinitro-o- 
cresylate). The plot arrangement, concentration of Elgetol, and date of 
application are given in table 1. A power sprayer with a Bean Spraymaster 
gun was used, and the pressure was maintained at 400 lb. 

A quiet day’- was selected for both applications, so that there was little 
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drift. As indicated in the table, in some of the plots the old plants were 
removed before application. This was done a few days before the December 
spraying, when the stalks were thoroughly dry. The plants were raked 
together and burned, but many stubs from 4 to 12 in. high were left, and 
abundant telial pustules were observed on these and on debris (^'needles ’’ 
and small branches scattered over the surface of the ground). The object 
of cutting off the old plants was to facilitate spraying, rather than to elimi- 
nate the source of inoculum. 

Dosage was based on previous experience with ground sprays in apple 
orchards. A very thorough wetting of the surface can be obtained at 400 
gal. per acre, when the old plants are removed ; but, when present, 600 to 
800 gal. per acre are required to thoroughly soak all the standing plants 
and to cover the ground. 

The concentrations employed were selected on the basis of previous lab- 
oratory and field work on apple scab. The dates of application were selected 
on the basis of cultural practices, which need not be explained at this time. 

In the spring a portion of each plot was left uncut. The remainder was 
harvested until after initial infection has ceased. 

A somewhat similar experiment on a much larger scale was conducted 
in northern Illinois. The results of these experiments will be published 
later, but the data secured show a remarkably close correlation with those 
at Urbana. 

RESULTS 

Microscopic examination of the teliospores a few weeks after the spring 
treatment revealed typical collapsed protoplasm, such as had previouly been 
observed in other fungi. A few spores in each sorus appeared normal, and 
some sori had as many as 10 per cent of what appeared to be normal spores. 
Data on germination of the normal and treated teliospores were collected, 
but will not be presented at this time. 

The first aecial pustules were observed during the first week in May. 
April was dry, excepting the 15th to 20th, when a very heavy rain occurred. 
Shoots were tagged as they appeared above ground, and, judging from the 
infection records on these, there was only one extensive infection period, 
which must have occurred shortly after this rainy period. A 2-ineh rain 
on May 6 apparently did not result in renewed infection, although weather 
conditions seemed ideal. A like limited infection period prevailed at Eo- 
chelle, where the larger experiments were conducted. Because of the limited 
number of aecial pustules this season, the results obtained from the eradicant 
sprays are not so conclusive as could be desired. 

Eecords on the number of stalks showing aecial pustules were taken at 
various times during the spring. A final count on June 30 is recorded in 
table 1, and will serve as a basis for comparison. It is evident that all of 
the treatments gave considerable reduction in infection, and that, with the 
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exception of plot 4, there would appear to be no great difference in the ef- 
feetivenefeis of the treatments regardless of concentration, dosage, time of 
application and previous treatment of the old plants. The contrast between 
the check and treated plots was especially noticeable when one examined 
the number of infections (pustnles) per stalk. In the treated plots infec- 
tions nsually consisted of 1 or 2 pustules per stalk, while in the check plot 
nearly every stalk showed numerous pustules, indicating multiple infection. 

Plot 4, in spite of a very excellent treatment, shows much higher infec- 
tion than the other treated plots. Evidently this was due to its being 
located next to and north of the check plot. This conclusion was further 
supported by the fact that most of the infection on this plot was at the 
south end immediately adjoining the cheek plot. 

Observations were made on the spread of the rust as evidenced by the 
development of the uredia. The data on this phase of the work will be 
presented in a future publication, but, in general, it was evident that by 
June 30 the uredia were developing very extensively over the check plot, 
but were limited to a few areas in the treated plots near the stalks showing 
aecia, or adjoining the check plot. By July 15 one could see the outline of 
the check plot at a distance, due to the prevalence of brown plants, while in 
the treated plots only an occasional infected area could be observed. Ad- 
joining the plots were several rows which had been harvested in April and 
May, but had been allowed to grow after the cutting season. . Plants in 
these rows were becoming heavily rusted where they adjoined the check plot, 
but no rust was found on those adjoining the treated plot on July 15. 

DISCUSSION AND CONCLUSIONS 

An eradicant spray, to be effective against asparagus rust, must reduce 
teliosporic inoculum to such an extent that few aecial pustules develop, since 
secondary infections from aeciospores and urediospores build up rapidly. 
The limited results obtained this season indicate that such a reduction may 
be secured by the application of Elgetol at concentrations of from to 2 
per cent and dosages from 400 to 800 gal. per acre during the dormant 
season. There seems little difference as to efficiency of fall or spring appli- 
cations, and the time selected should be governed by the cultural practices 
of the grower. 

It is recognized that a problem exists in areas where large plantings 
of asparagus are near escaped plants or small garden plantings that are 
not cut during the early part of the season. Even under such conditions, 
secondary infection is delayed and is frequently local. 

Progressive commercial asparagus growers have abandoned the practice 
of burning off their beds, since they wish to conserve the humus. Father- 
more, burning is not effective in destroying all the inoculum, since observa- 
tions prove that stubs often are left and the infected needles, which drop 
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to tiie ground during the growing season, often are protected during the 
burning of the bower. The application of an eradicant spray allows the 
grower to retain the humus-building plants without danger of increasing 
infection. 

Treatment may be confined to young beds, which are not to be harvested 
the following spring. Under such conditions the cost of the eradicant spray 
program is not excessive, since, usually, only a small proportion of the total 
acreage is in young beds. 

It is recognized that the ultimate solution of the rust problem in 
asparagus is the development of more highly resistant strains of our present 
rust-resistant varieties ; but, while awaiting this development, an effective 
and economical control is believed to have been discovered in the use of an 
eradicant spray. 

University OP Illinois, 

, Urbana, Illinois. ' 


AN BLSINOfi CAUSING AN ANTHKACNOSE OF 
VIEGINIA CEEEPEE 

Anna E. Jenkins and A. A. Bitancourti 
(Accepted for publication August 7, 1941) 

The presence of an Elsinoe on Virginia Creeper (Parthenocissus quin- 
quefolia (L.) Planch.) has recently been shown through the discovery of a 
fungus of this genus on severely diseased leaves, stems, and fruits of this 
vine growing as an ornamental in the vicinity of Marlboro, New Hampshire, 

On August 31, 1940, representative specimens from this source were sent 
for diagnosis to the Forestry and Eecreation Department of New Hamp- 
shire, whence they were ref erred to the Laboratory of the Division of Forest 
Insect Investigations, U. S. Department of Agriculture, at New Haven, 
Connecticut, and next, to Alma 1[. Waterman at the New Haven headquar- 
ters of the Division of Forest Pathology of the same department. 

Numerous small lesions were present on leaves^ stems, and fruit. On 
discovering that an ascomycete, apparently an Elsinoe fruiting abun- 
dantly on the leaf lesions, Dr. Waterman forwarded the material to the 
senior writer for further study. The identification was confirmed, as re- 
cently noted by Dr. Waterman.^ 

Following the receipt of the mature material from New Hampshire (Pig. 
1, A and B), an examination was made of phanerogamic specimens of Vir- 
ginia Creeper in the U. S. National Herbarium. Abundant infection by the 
Elsinoe was present on a specimen from Florida bearing the date July, 1891. 
This was from the Chapman Herbarium, having been collected by Dr. Chap- 
man at Apalachicola, where he lived^ during the latter part of his life. 

The Elsinoe on Virginia creeper, a new host, is here described as new 
under the proposed name of E. parthenocissi. 

Leaf spots few to numerous, generally originating on the upper leaf sur- 
face where they are the more distinct, consisting of well delimited circular 
to subcircular or occasionally irregular areas 0.2-4 mm. in diam., scattered 
or often distributed along the midrib and veins, or sometimes involving 
them, where numerous, often forming a more or less coalescent row of lesions 
serving to outline part or all of the more prominent venation, on dry speci- 
mens individual lesions generally depressed below and raised above, with 

1 Paper presented by the senior writer on June 25, 1941, at Windsor, Connecticut, 
during a session of the summer meeting of The American Phytopathological Society held 
jointly with the New England branch. 

2 Jenkins, A. E., and A. A. Bitancourt. Bevised descriptions of the genera Elsinoe 
SLind Sphaceloma. Mycologia 33 : 338-340. 1941, 

3 Waterman, A, M. Diseases of shade and ornamental trees: annotated list of speci- 
mens received in 1940 at the New Haven Office, Division of Eorest Pathology, Bureau of 
Plant Industry, Plant Dis. Bptr. 25 : 181-186. 1941. 

4 Mohr, G. Alvin Wentworth Chapman. Bot. Gaz. 27 : 473-478. 1899. 
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Fig. 1. A. Elsinoe parthenocissi on Parthenoeissus quinque folia, Marlboro, INT. H., 
Aiig. 31, 1940, Mrs. P. S. Howe (type), xl. B. Stem cankers from lower part of fruit- 
ing shoot shown in A. x 10. 0. Enlargement of leaf spots, along a vein, upper surface, 

showing (lark fructifications of the Elsinoe, xl2i. D. Two asei (a and b) containing 
ascospores, outer inelastic wall of the aseus in b, ruptured and thicker elastic inner wall 
somewhat expanded, x 500. E and F. Two ascomata showing asci and dark epitheciiim. 
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generally flattened ^Winaceons surface surrounded a narrow 

“clove«brown^' margin, spots sometimes traversed by prominent fine dark 
lines representing the smaller venation, part or all of the lesion easily fall- 
ing away, leaving a shot-hole effect; petiole and stem cankers more or less 
raised, usually with dark margins and lighter-colored centers; lesions on 
fi-nits grayish-white (Waterman) ; disk also infected; aseomata abundant on 
the necrotic spots in living leaves amphigenous but more commonly above, 
at first, intraepidermal ; later, penetrating more deeply in the leaf tissues, 
composed of a hyaline or slightly yellowish pseudoparenehyma of isodia- 
metric, somewhat thick- walled cells ; aseomata 70-160 p in diani., and 35- 
80 p in thickness ; asci mostly globose, irregularly embedded in the pseudo- 
parenchyma, with thin outer wall, and thick inner wall, particularly at the 
apex, 17-25 p in diam., containing 8 aseospores ; ascospores 3-septate, con- 
stricted at the septae, especially at the median septum, oeeasionally with a 
longitudinal septum in one of the middle cells, straight or somewhat curved, 
with the upper cells broader and shorter than the lower ones, 12-17 by 6-8 p. 
Ascospores larger than those of Elsinoe ampelina (de Baiy) Shear® on 
YitiSf which, besides E, viticola, is the only other species known on Vitaceae, 
and is represented only by a single discovery on overwintered cankers on 
Niagara grape. Additional material of these fungi will be necessary for an 
adequate comparison of them. 

Maculae in foliis e pai*cis numerosae, supra eonspicuores, bene definitae, 
generaliter circulares vel subcirculares, 0.2-4 mm. in diam., sparsae vel per 
nervuni medium et nerves alteros dispositae, in foliis vinaceo-alutaceae, 
brunneo-marginatae, in fructibus griseo-albae ; cancri in petiolis caulibusque 
plus minusve elevati margine fusco et centre pallidiore ; aseomata in maculis 
f oliorum vivorum abundantia, amphigena, supra numerosioria, prominentia, 
aseomata 70-160 p in diam. et 35-80 p crasso; asci plerumque globosi, in 
parenehymate hyalina vel pallide flavidula irregulariter immersi, 17-25 p in 
diam.; ascosporae 3-septatae, ad septa praecipue medio constrictae, cellula 
media una interdum longitudinaliter septata, rectae vel subcurvatae, cellulis 
superioribus latioribus et brevioribus, 12-17 p longis, 6-8 p latis. 

On leaves, stems and fruit of Parthenocissus quinquefolia (L.) Planch. 

Ampelopsis quinquefolia (L.) Michx. and Psedera quinquefolia (L.) 
Greene), Marlboro, New Hampshire, and Apalachicola, Florida, causing a 
destructive anthraenose, here so designated in accordance with this term as 
originally'^ applied to the equivalent disease of grape. 

5 Colors ill quotations are based on Bidgway, B., Color Standards and Color Nomen- 
clature, 43 pp. and 53 colored plates (Washington). 1912. 

6 Shear, C. L. Life history of Sphaceloma ampelinum. Phytopath. 19 : 673-679. 1929. 
1929. 

7 Pabre, E., and Bunal, P. Observations sur les maladies r^gnantes de la vigne. 

Bui. Soe. Cent, d Agr. Dep. de PHerault 40: 11-75. 1853. 
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Specimens examined : 

ApalaeMcola, Fla., July 1891, A. W. Chapman. (Mycologieal Collec- 
tions, Bureau of Plant Industry 73808. This fragment of the phanerogamic 
specimen from the Chapman Herbarium now filed in the U. S. National 
Herbarium under accession number 958621, was obtained through the cour- 
tesy of W. E. Maxon.) 

Marlboro, N. H., Aug. 31, 1940. Mrs. P. S. Howe (type) (Mye. Coll., 
B.P.I. 73616. Phytopathological Section Institute Biologieo, Sao Paulo 
4022) June 28, 1941, A. E. Jenkins; July 29, 1941, Mrs. P. S. Howe. 

Bureau OP Plant Industry, 

U. S. Department op Agriculture, and 

Instituto Biologico de Sao Paulo, 

Brazil. 



EOUGH-BAKK, A VIEUS DISEASE OP PLOWEEING 

CHEEEY^ 

J. A. Milbrath and S. M. Zeller 
(Accepted for publication September 2, 1941) 

An abnormal growth condition of the Kwanzan variety of flowering 
cherry {Prunus semlaia var. Kwanzan) was called to onr attention in 
1939. In a nursery planting the trees were dwarfed in height and seldom 
produced any lateral branches. The bark, instead of being smooth and a 
normal gray, was deep brown and roughened by longitudinal splitting. 
The leaves were grouped close together due to a shortening of the inter- 
nodes, and most of the leaves were arched downward by the improper 
development of the midrib (Pig. 1, B). These clustered heads of foliage 
and the curling of the leaves are similar to the effects of aphid colonies on 
cherry leaves. There is often a longitudinal splitting and cross cracking 
of the under surface of the midribs of the leaves. Vein clearing and ragged 
leaves formed by the cutting out of necrotic areas on the young leaves are 
prominent symptoms on rough-bark trees, but these symptoms are likewise 
present on most varieties of Prunus serrulata that are not affected with the 
rough-bark condition. This vein-clearing and ragged-leaf condition may 
prove to be due to another virus or to physiological conditions. 

Similar rough-bark symptoms have been observed on two large Kwanzan 
trees. The leaf symptoms and splitting of the bark of the younger wood 
is similar to that noted on the nursery trees, but on the older wood the 
splitting and roughening of the bark are more pronounced (Pig. 1, A). 
The seasonal growth of these trees is from 6 to 12 inches long, while that of 
the normal trees is 2 to 3 feet. The symptoms of these trees immediately 
suggested that the trouble might be of virous origin. 

In the nursery where the disease was first observed, there were 592 trees 
affected with this condition in a planting of 3,887 trees. The trees were 
grouped in row areas consisting of 8 or 10 consecutive trees, or approxi- 
mately the same number of trees as the average number of buds obtained 
from one bud stick. This segregation of abnormal trees suggested a bud- 
perpetuated disease, and an examination of the mother block where the buds 
had been taken showed 2 trees with symptoms similar to those of the young 
trees. The following experiments were conducted to determine the nature 
of this trouble. 

A block of 75 mazzard seedlings, which are commonly used as root-stock 
for flowering cherries, was divided into 3 lots of 25 trees each. One lot was 
budded with buds taken from a normal Kwanzan tree; another lot was 
budded with buds taken from a rough-bark Kwanzan tree; and the third 
was budded with buds taken from both the healthy and diseased trees. In 

1 Published as Technical Paper No. 38B -with the approval of the Director of the 
Oregon Agricultural Experiment Station. Contribution from the Botany Department. 
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the latter, the normal bud was introduced near the soil line and the bud 
from a tree showing rough-bark symptoms was placed on the same seedling 
but on the opposite side of the stem and 12 inches above the normal bud. 
The trees were allowed to develop into 2-year-old nursery trees before the 
final observations were made. The lot budded with normal buds produced 



Fig. 1. Eough-bark of Kwanzan flowering cherry. A, Branch from large diseased 
tree showing characteristic bark symptoms. B, Illustrates rough-bark of stems and 
downward arching of the leaves on a 2-year-old nursery tree. 

22 well-developed normal trees. The lot budded with rough-bark buds pro- 
duced only 6 trees, and these were dwarfed and showed typical rough-bark 
symptoms. Where healthy and diseased buds were placed on the same 
seedling, both buds developed on 7 of the trees, only the normal bud devel- 
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oped on 9 other trees, and only the rough-bark bud developed on 3 trees. 
All growth that resulted from these buds showed characteristic rough-bark 
symptoms regardless of the type of bud used or its position on the seedling. 
Of special interest is the group of 9 rough-bark trees produced by the nor- 
mal bud, even though the rough-bark bud did not develop. This would indi- 
cate that the virus passed into the mazzard seedlings from the rough-bark 
bud, even though organic union was not sufficient for bud development. 
This was demonstrated again the following year when 24 mazzard seedlings 
were budded with rough-bark in October. When these buds failed to de- 
velop, the same seedlings were grafted with scions from normal trees the 
following March. Of the 24 trees that developed from the scion wood, 23 
showed typical rough-bark symptoms, while adjacent seedlings that had not 
been previously budded with the rough-bark buds, but were grafted with 
scion wood from the healthy tree, grew into normal trees. In many in- 
stances new shoots of the mazzard seedling have developed from the roots 
of Kwanzan trees showing the disease, but these sprouts did not show rough- 
bark symptoms. This indicates the mazzard seedling may become a symp- 
tomless carrier of the virus. 

These observations and transmission experiments suggest that a virus is 
concerned. The symptoms produced by the virus on this host are very 
characteristic and unlike any of the other known viruses of Primus, The 
common name, rough-bark, is offered for this new disease, and, in the num- 
ber system, Prunus virus 9 may be assigned to the virus. For those using 
Holmes^ system of nomenclature, both a new genus and species name is pro- 
posed. The genus name of Rimocortiiis is based on the most characteristic 
symptom of the disease, lark cracking. Since the disease seems to be lim- 
ited to the Kwanzan variety, the name Rimocortius Kwanzani is assigned 
to it. 

Oregon State College, 

Corvallis, Oregon. 


MALE-STERILE BARLEY FOR STUDY OP FLORAL 
INFECTION^ 

0. A. SUNESON AND B. R. HOUSTON” 

(Accepted for publication August 27, 1941) 

A male-sterile barley, suggested as a new tool for the plant breeder,® 
also appears to provide a means for mass inoculation of barley flowers with 
cultures of disease-producing organisms transmitted by floral infection. 
The procedure should be particularly useful in studies of conditions' affect- 
ing infection. At present such studies would necessarily be limited to the 
few varieties possessing the male-sterile character, but there seems to be no 
reason to assume this character may not be found in or introduced into other 
varieties as needed. The male-sterile plants have been shown to be self- 
sterile, and highly cross-fertile. Ratios of 3 fertile:! male-sterile in Fa 
populations, and 1 fertile : 1 male-sterile in backcrossed populations demon- 
strate the simple inheritance of the character. Of particular interest to 
plant pathologists are the open glumes of the male-sterile plants, which 
permit rapid inoculation. The degree and persistence of glume opening 
and of cross fertility have been observed to vary somewhat with the 
environment. Satisfactory seed sets commonly result from natural cross- 
ing and very good seed sets have been obtained with controlled pollination. 

Male-sterile barley spikes were inoculated with spores of the organisms 
causing barley stripe (Helminthosporium gramineum Rabh.), which dis- 
ease is fairly common in California, and of loose smut (Ustilago nuda 
(Jens.) K. & S.), which seldom persists in California, probably because of 
the dry atmosphere. 

In the stripe-infection experiments (Table 1), male-sterile spikes were 
first pollinated by a mass dusting of the spike with pollen from Pi hybrid 
plants that were heterozygous for the male-sterile factor. Then, leaves 
collected from plants killed by stripe were pulled from the top of the spike 
downward between each row of glumes to facilitate discharge of spores 
into the open florets. The inoculated spikes were then bagged. Percentages 
of infection obtained on the 3 spikes treated were satisfactory, as shown 
in table 1, and were about equal to any obtained at this station, by the cul- 
ture of sprouting barley on a medium-base supporting mycelial growth of 
the stripe organism. 

The tests with loose smut involved mass dusting with both pollen and 
smut spores. Infections of loose smut (Table 1) were rather low. This 

1 Division of Cereal Crops and Diseases, Bureau of Plant Industry, XT. S. Department 
of Agriculture, and the Departments of Agronomy and Plant Pathology, University of Cali- 
fornia, cooperating, 

2 Associate Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant In- 
dustry, U. S. Department of Agriculture; and Instructor in Plant Pathology and Junior 
Plant Pathologist in the Experiment Station, respectively. 

Suneson, C. A. A male sterile charaeter in barley. Jour. Hered. 31: 213-214. 1940. 
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TABLE 1. — Infectio7is obtained with the barley diseases, loose smut (Ustilago niida) 
and stripe (Helminthosporium gramineim) , by floral inoculation of mass-pollinated male- 
sterile barley plants at Davis, California 


Pollen parents 
(P, hybrids) used 
on male-sterile plants 

Seeds 

set 

on 

spike 

Plants established 

Healthy 

Infected 


Number 

Number 

Number 

Der cent 

Loose smut : 





Male-sterile X G.I. 5636 

27 


3 

16.7 

Male-sterile x nudeficiens 

33 

26 

1 

3.7 

Do 

32 

21 

1 

4.5 

Do 

33 

20 

1 

4.8 


25 

17 

2 

10.5 

Male-sterile x Meloy 

30 

22 

0 

0.0 

Male-sterile x nigriniidum 

43 

28 

2 

6.7 

Do 

57 

26 

12 

31.6 

Do 

20 

10 

2 

16.7 

Do 

50 

34 

6 

15,0 

Stripe : 





Male-sterile x Colsess Y 

45 

2 

17 

89.5 

Male- sterile x nigrinudum 

52 

12 

28 

70.0 

Do 

33 

5 

25 

83.3 


may have been dne to varietal resistance, low atmospheric humidity at the 
time of infection, or to poor viability of the smut spores. Tapke^ showed 
that the viability of loose smut spores is soon lost. The plants from which 
the smut was collected were headed on April 4, but the smut was not col- 
lected and used until April 10 to 17, when most of the spores had been blown 
away. Among the 30 smutted plants were 5 that produced some disease- 
free spikes, of which 1 had normal fertility and 4 were male-sterile. 

4 Tapke, Y. E. A technique for identifying the loose smuts of barley. Phytopath. 
31: 284-286. 1941. 
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A Chemical Method for the Determination of Tohacco-mosaic-vinis Pro- 
tein in Plant Extracts. — Biological assay methods for measuring virus activ- 
ity are subject to a rather large error. It is impossible to convert virus 
activity, thus measured, into quantity of virus protein per cc. of extract, 
even when comparing an unknown against a purified virus preparation of 
known virus protein content. This is due to variation in the state of aggre- 
gation of chemically purified virus preparations and to other factors relating 
to the plants and process of inoculation. 

Martin, Balls, and McKinney^ described a method for measuring virus 
protein in tobacco leaf tissue based upon the observation that proteins of 
healthy tobacco leaves are partly digested by trypsin, whereas the virus 
protein resists such digestion. About 20 per cent of the nitrogen of leaf 
tissue of healthy plants was not rendered soluble by tryptic digestion. 
Because this undigested portion was several times larger than the quantity 
of virus protein, it appeared likely that this may have introduced an appre- 
ciable error in the results. 

This problem was studied further, using extracts of healthy and mosaic- 
diseased leaves in order to eliminate the large fraction of insoluble tissue 
nitrogen shown incompletely digested by trypsin. Trypsin digestion, when 
applied to leaf-tissue extracts, left the proteins of healthy tobacco leaf 
extracts incompletely digested in 24 hours at pH 7.5 and 37® C. The quan- 
tity of trypsin-resistant protein varied from 23 to 54 per cent of the total 
soluble protein, depending upon source of material. Increasing the trypsin 
concentration from 1 to 5 mg. per cc. of extract did not reduce the amount 
of undigested protein. 

Several methods were studied for separating virus from non-virus pro- 
teins of tobacco leaf extracts, including thermal fractionation and use of 
various protein precipitants and denaturants. The method finally adopted 
is based upon the observation by Best- that tobacco mosaic virus is precipi- 
tated from aqueous solutions at its isoelectric point, pH 3.4. 

An extract of mosaic-diseased tissue was prepared by adding 1 cc. of 
M/10 phosphate buffer, pH 7.0, per g. of chopped frozen tissue. After 
thawing, the tissue extract was pressed out and clarified either by centri- 
fuging or filtering through ‘^Celite.” A 40-ec. portion of the clear extract 
was measured into a 50-ce. centrifuge tube and acidified to pH 4.2 to 4.0 
by cautiously adding N/10 H 2 SO 4 . A large portion of the non-virus pro- 
tein precipitated during overnight refrigeration was removed by centrifug- 
ing at 3000 r.p.m. The supernatant liquid was decanted, further acidified 
to pH 3.4, allowed to refrigerate overnight, and then centrifuged 30 minutes 
at 3000 r.p.m. The precipitate was transferred to a 10-cc. centrifuge tube 
and protein nitrogen was determined by precipitation with 2.5 per cent 

1 Martin, L. F., A. K. Balls, and H. H. McKinney. Jour. Biol. Cliem. 130: 687. 1939. 

B. J. Austr. Jour. Exper. Biol, and Med. 14: 1. 1936. 
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tri-eliloro-aeetic acid and digestion and distillation as ammonia in a niicro- 
KjeldaH apparatus. Since the protein precipitated at pH 3.4 contains 
virus protein plus a trace of non-virus protein, it is necessary to run a blank 
on an extract of healthy leaf tissue. 

Accuracy of the method was determined by measuring the quantity of 
virus-protein nitrogen in extracts of healthy tobacco tissue amended by 
known amounts of purified virus protein (Table 1). 


TABLE 1. — Beoovery of virus protein added to SO cc. of leaf extract from healthy 
tohacco 


Virus N added 

Virus N recovereda 

Virus N recovered 

mg. 

! rng. 

percentage 

0.305 

0.259 

85 

0.611 

0.553 

91 

1.020 

1.030 

101 


a Blank on 30 cc. healthy leaf extract yielded 0.05 mg. N, 'which figure was used for 
correcting the results. 


The concentration of virus protein in mosaic-diseased tobacco leaves 
usually is in the range of 0.6 to 3.0 mg. of virus nitrogen per 40 cc. of leaf 
extract. "Within this range of concentration the error of estimation by the 
above method is less than 10 per cent. 

The virus-nitrogen content of extracts of mosaic-diseased tobacco leaves 
was determined by the foregoing precipitation method and compared with 
lesion counts obtained from assays on primary leaves of Scotia beans. Com- 
parisons were made against a control inoculated on one leaf of each pair of 
bean leaves (Table 2). 


TABLE 2. — Comparison of lesion coiints and virus nitrogen content of extracts of 
mosaic tobacco leaves 



Virus IST per 

40 cc. extract 

Virus assaya 

Soln. 

Solution (10-^) 

Control^ I 

Per cent 
of control 


mg. \ 

lesions/leaf 

lesions /leaf 


I 

2.23 

33.7 

74.6 

45.17 

II 

2.04 

20.1 

59.2 

33.95 

III 

1.53 

17.3 

54.4 

31.80 


a 30 Scotia bean leaves inoculated with each solution. 

t) Control was identical for each set of 30 plants, and served to facilitate comparisons 
between the three solutions on a percentage basis. 


The isoelectric precipitation method has a smaller experimental error 
than the biological-assay methods, and can replace them in certain work. 
The method is rapid and permits expression of absolute quantities rather 
than as comparative lesion counts, affected by aggregation of infective par- 
ticles, by host susceptibility and other factors. Biological assays, however, 
must be used when virus activity is in question, when only small amounts 
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of virus are available, and when the concentration of virus protein is very 
low. — Claude H. Hills^ Protein and Nutrition Research Division, Bureau 
of Agricultural Chemistry and Engineering, and H. H. McKinney, Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture. 

Transmissible Bough-bark Diseases of Fruit Trees. — Several attempts 
have been made in recent years to classify viruses, reaching the extreme of 
app^^dng a Latin binomial ostensibly based on virus characteristics but 
actually based exclusively on symptoms of the disease. Parallel with this 
trend and perhaps to some degree because of it, there seems to have been a 
decline of interest in the orderly grouping of diseases caused by viruses. 

Most of the virus diseases of plant that have been studied can be and 
often are placed in one of two large groups, the mosaic and yellows 
diseases. There appears now to be a considerable number of virus diseases 
of woody plants, mostly little known, falling naturally into a third group,^ 
type have been described, notably psorosis of citrus,^ stony pit of pear,^ and 
diamond canker of prune."^ The diseases of this group affect the bark 
primarily, the wood occasionally, the leaves and fruit infrequently. They 
are extremely slow in development in the tree. The evidence to date indh 
cates a narrow range of susceptible species or varieties for each disease.^ 
Thus, trees affected by a transmissible disease of Bose pear similar to or 
identical with stony pit have been top-worked to Bartlett, Comice, and 
Hardy, with no fruit symptoms on the 3 last named varieties up to 5 years 
for Bartlett and Hardy and 6 years for Comice from the time of grafting. 
There are indications, also, of more than one disease of this type in a single 
fruit species.^ For example, the Bose disease just referred to produces in 
Hardy a mosaic pattern in leaves, but no fruit symptoms, while a similar 
disease occurring naturally in Hardy in the same district is transmissible 
by grafting from Hardy to Hardy producing fruit pitting but not clear-cut 
leaf symptoms. 

A considerable number of infection experiments have been initiated but 
at least several more years will be required to bring most of them to a final 
conclusion. On the basis of symptoms, distribution in the orchard, per- 
sistence in cions, and, in a few cases, transmission by grafting, the following 
diseases found in central and northern California may be mentioned as 
probably belonging in the rough-bark group. Diseases of the diamond- 
canker type occur on apricot, cherry (P. avium) j plum (P. domestica), 

1 Thomas, H. Earl. Graft transmission persistence and migration of some viruses in 
fruit trees. (Abstract) Phytopath. 30: 790. 1940. 

which may be designated as rough-bark diseases. Several diseases of this 

2 Fawcett, H. S. Psorosis in relation to other virus-like effects on citrus. (Ab- 
stract) Phytopath. 29 : 6. 1939. 

3 Kienholz, J. E. Stony pit, a transmissible disease of pears. Phytopath. 29 : 260- 
267. 1939. 

4 Smith, Ealph E. Transmission of diamond canker of the French prune. Phyto- 
path. 31: 886-895. 1941. 
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prune, and rose (Pink Radiance) (Pig. 1, G). All of these persist in cions." 
A disease of Gravenstein apple (Pig. 1, D), known locally as flat limb, is 
characterized in the apple chiefly by irregularities in wood development, 
but may be included here because of the rough-bark symptoms produced 
(Pig. 1, A) when inoculations are made from apple to Pyracantha. At 
least the two diseases referred to above, and apparently more, are found 
in pears ranging in bark symptoms from measles on younger branches to 


A. Symptoms produced on Pyracantha gibhsii yunnanensis by graft inocu- 
apple of the type shown at D. B. Depressions and distortion in Bose pear 
associated with measles’^ and fruit pitting. C. Pink Badiance rose naturally affected 
by rough bark condition. D. Gi-avenstein apple branch affected by ‘^flat limb^’ or 
‘ ' crinkle-wood. ^ ^ 


excessive sloughing of outer bark or ‘‘oak bark^’ on older parts. In addition, 
the affected Bose pear may display symptoms (Fig. 1, B) not greatly unlike 
those of the Gravenstein disease (Fig. 1, D). 

Other diseases have been seen on almond, apple, peach, and quince, which 
may well belong in this group ; but the above may suffice to indicate that a 
very considerable number of diseases and kinds of woody plants are involved 
in the group.— H. Earl Thomas, Division of Plant Pathology, University of 
California, Berkeley. 

Two Genetic CJiaraciet's of Tomato Fruits that Might ie Mistaken for 
Symptoms of Disease. — ^Broad, dark-green stripes resembling mosaic symp- 
toms were found in the peel of 2 tomato fruits on a plant of (T560) Michi- 

^ II. N. Hansen has collected Alnus {rhomhif olia?) with cankers very similar to those 
of prune. 
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g*an State Forcing (Ferry-Morse Seed Co.) at the Tomato Disease Labora- 
tory, Jacksonville, Texas, in May, 1939. This abnormality apparently 
resulted from a mutation. In 1940, seed from these 2 fruits produced 23 
plants with many striped fruits. Prominent, broad, dark-green stripes ex- 
tended from stem to blossom end in the peel of the small green fruits. As 
the fruits developed to the green-wrap stage, deep pits and grooves formed 
in the peel of many of the striped fruits. On ripening, the dark-green 
stripes became yellow in contrast to the normal red part of the fruit (Fig. 1) . 



Fig. 1. Stripes, pits, and grooves in tomato-fruit peel of T560. X h 


Seed from 4 of the striped fruits was tested for a third generation in 
fields in 1941. The parent fruits of T560B and T560D showed only stripes, 
while the parent fruits of T560C and T560E bore both stripes and pits. In 
the fields 72 per cent of the 184 plants of T560B and T560D bore striped 
and pitted fruits, while 94 per cent of the 221 plants of T560C and T560E 
produced striped and pitted fruits. These data are now interpreted as indi- 
cating inheritance of the stripe and pit characters. Many of the T560 
tomato plants bore both striped and normal fruits, and the writer has ob- 
served such stripes and pits only in this selection. I 

None of these plants showed any other abnormality that might be asso- 
ciated with the stripes and pits, and there was no indication that this might 
be a virus disease. The stripes and pits were much more prominent in T560 : 

than in fruit with tomato fruit pox,^ which resembles mosaic and is not 
transmitted by seed. They differed from fruit stripe of tomato, ^ which 
causes raised light-green to ashy-gray stripes in the peel, associated with 

ilvanofP, S. S. and P. A. Young. Tomato fruit pox. Phytopath. 30: 343-345. I 
1940. I 

2 Jones, L. K. Fruit stripe of tomato caused l)y a tobacco type I virus. Phytopatli. 

30: 538-540. 1940. ' 
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mild mosaic of the leaves. — F. A. Young, Tomato Disease Laboratory, Texas 
Agricultural Experiment Station, Jacksonville, Texas. 

Downy Mildew of Lima Beans in Colorado . — In 1889 Thaxter reported 
that the downy mildew was causing considerable damage to Lima beans in 
certain regions along the Atlantic Coast and described it as a new species, 
Phyto 2 Mhora phaseoU. Since then it has been observed to be more or less 
common in many of the Eastern States and has been reported from as far 
west as Ohio. 

It has been generally assumed that the downy mildew required high 
humidities for its development, which probably explains why it occurs mostly 
in the eastern part of the United States and the South, and less frequently 
in the interior. The fact that it appeared in northeastern Colorado during 
the summer of 1941 in an epidemic form suggests that either the arid regions 
sometimes become sufficiently humid for infection, or the downy mildew of 
Lima beans can adapt itself to arid conditions. During the many years the 
writers have visited this location each summer, downy mildew has never been 
previously observed. 

Only a few varieties of Lima beans were grown in this locality where the 
observations were made. In one field each of the Henderson Bush, Woods 
Prolific, and Jackson Wonder varieties, 100 per cent of the plants were in- 
fected and the losses amounted to as much as 60-75 per cent. In one adjoin- 
ing field the disease could not be found, showing it to be exceedingly spotty. 
Lima beans are grown entirely by surface irrigation in Colorado. The 
fungus occurred on the pods in all stages of their development and not on 
any other organs of the plant The conidia, measuring somewhat larger 
than those described by Thaxter, were present in great abundance both on 
the outside and inside the pods. Zoospores and oogonia were not observed. 

The summer of 1941, in Colorado, was unusual in that rains were rather 
frequent and the nights cool over a long period of time. Dews were fre- 
quent and abundant. 

Lima bean seed is not grown in the States along the Atlantic Coast, where 
the disease is most prevalent, but only in Colorado and in the States farther 
west, whence downy mildew has not been reported, except in California. 
The disease has not been reported in California for many yeai*s, and its 
occurrence then was probably near the coast, where the humidity was high. 
In view of these facts it would be of unusual interest to know the source of 
the initial infection which reached epidemic proportions in Colorado in a 
single season. — h. L. Haeter and W. J. Zaumeyer, U. S. Horticultural Sta- 
tion, Beltsville, Md. 

A New Virus Disease of Bean.-^A virus disease of bean, tentatively 
designated as bean-mosaic virus 4, distinctly different from any hitherto 
described bean virus, was recently isolated from severely mottled pods of 
several varieties. Two types of symptoms, depending upon the bean variety 
inoculated, are produced. Local necrotic lesions are produced on some 
varieties, whereas on others only systemic mottled symptoms are produced. 
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In no case lias any Yaxiety thus far tested exhibited both local and systemic 
infection on the same plant. Evidence shows only a single virus is involved. 

The local lesions appear in about 2 to 4 days following inoculation. 
They are fairly circular, brownish red, and vary from 1 mm. to 3 mm. in 
diameter. The systemic mottled symptoms appear in about 10 days after 
inoculation and are not greatly unlike those produced by bean virus 1 on 
many varieties. In general, those varieties that are somewhat tolerant to 
bean virus 1 exhibit quite a severe mottling when infected With bean virus 4. 
The symptoms on the pods are more pronounced than those produced by any 
virus thus far reported to be infectious to bean. They are characterized by 
dai*k-green irregularly shaped, watersoaked-like blotches on some green- 
podded varieties and by greasy, shiny areas on others. On wax-podded 
varieties, greenish-yellow areas are noted. Infected pods may be slightly 
malformed, subnormal in length, and frequently curled at the end due to 
improper ovule development. 

Seventy-nine varieties of beans have been inoculated and all have shown 
one symptom or the other after inoculation. Thirty-three varieties showed 
local lesion infection and 46 varieties were systemieally infected. None of 
the varieties showing local lesions exhibited systemic infection, and vice 
versa. Of the 8 varieties known to be immune from bean virus 1, Corbett 
Eefugee, Great Northern U.I. No. 59, and Eed Mexican U.I. No. 34, exhib- 
ited local lesions when inoculated with bean virus 4. Idaho Eefugee was 
heterozygous for the two symptoms, while U.S. No. 5 Eefugee, Sensation 
Eefugee No. 1066 and No. 1071, and Eobust manifested mild systemic symp- 
toms. Varieties showing local lesions upon artificial inoculation could be 
regarded as commercially resistant under field conditions. In tests thus far 
conducted, the host range of the virus is restricted to the Leguminoseae. 

Preliminary studies on the properties of the virus show that the thermal 
inactivation point lies between 90° and 95° C., which is higher than that 
for any legume virus thus far described and approximates that of tobacco 
mosaic. It was infectious at a dilution of 1-500,000 and retained its infec- 
tivity after aging for 165 days at 18° C. 

Immunological studies have shown no relationship to bean virus 1. 

Little is known regarding the distribution of this virus under field con- 
ditions. It has been isolated from bean plants grown in Maryland, Cali- 
fornia, and Louisiana. — ^W. J. Zaumeyer and L. L. Harter, Division of 
Fruit and Vegetable Crops and Diseases, U. S. Horticultural Station, Belts- 
ville, Md. 

Classification and N omenclature of the Pathogen Causing Bacterial Bing 
Bot of Potatoes. — In a recent article Thornberry^ comments on the lack of 
consistency in citing the authorities for Phytomonas sepedonica, but the 
reason for this is not discussed. The main cause for the confusion appears 
to be the fact that Spieckermann first used the name Bacterium sependoni- 
cum in 1913 in a popular agricultural periodicaP but omitted a description 

1 Thornberry, H. H. Bacterial ring rot of potatoes in Illinois. Plant Bis. Rptr. 25: 
509-510. 1941. 
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of the organism. The name was nomen nudum and, therefore, did not con- 
stitute true publication. It is this that certain investigators appear to have 
overlooked. In 1914 Spieckermann and Eotthoff^ gave a description of 
the pathogen and other investigators accept the second article as the authen- 
tic publication of the species. The writers are of the same opinion. In 
1920 B. P. Smith^ referred to the species as Aplanolacter sepedonica, omit- 
ting a citation to authors. Further confusion arose in 1937 when Magrou® 
placed the pathogen in the genus Phyiomonas only 3 months ahead of Savile 
and Racicot.® 

American investigators have followed Magrou in the use of the generic 
name Phyiomonas for the pathogen, but no discussion has arisen as to the 
correct position of the species among the other bacteria. Elliott^ has pointed 
out the invalidity of the name Phyiomonas; and Burkholder® and Dowson^ 
have shown that as the genus exists at present it is composed of a hetero- 
geneous collection of bacteria. The existing species should be allocated to 
other genera. Jensen, in discussing the genus Corynehacierium, states 
that possibly Phyi. sepedonica belongs here. This genus was established in 
1896 by Lehmann and Neumann^^ for the diphtheria bacterium, and has 
been accepted by bacteriologists at large. A thorough study of the morphol- 
ogy and physiology of thfe ring-rot pathogen has convinced the writers that 
this organism has all the eh|,racteristies of a Coryneiacierium. The most 
characteristic features placing it in this category are (1) its pleomorphism 
including large numbers of club-shape cells, (2) non-motility, (3) V- or 
L-shape cells indicating snapping division,” (4) its Gram reaction, non- 
acid fastness, and its uneven staining, and (5) its cells occurring mostly 
singly, very seldom even in pairs. Physiological properties characteristic 
of CoryneMcierium are (1) its demand for a complex medium rich in pro- 
tein, (2) its strict aerobic growth, (3) its general biochemical inactivity 
including poor gelatine liquefaction, poor starch hydrolysis, slow action 
on litmus milk, etc , and (4) its very slow rate of growth on all ordinary 
media. * 

On the basis of these major and minor characteristics it is proposed that 

2 Spieckermann, A. Zur Kenntnis der in Deutschland auf treten den Gefasskrank- 

heiten der Kartoffelplanze. Ulus. Landw. Zeitung. 33: 680-682. 1913. 

3 and P. Kotthoff. TJntersucliungen iiber die Kartoffelpflaiize und 

ihre Krankheiten. I. Die Bacterienringfaule der Kartoifelpflanze. Landw. Jahrb. 46: 
659-732. 1914. 

Smith, E. E. Bacterial diseases of plants, p. 207. Saunders, (Philadelphia) . 

5 Magrou, J. Phytomonas. In Dietionnaire de baeteeries pathogenes by P. Haudu- 
roy, G. Ehringer, A. XJrbain, G. GuBlot and J. Magrou. Masson et Cie (Paris). 326- 
437. 1937. 

6 Savile, D. B. 0. and H. N. Eaeieot. Bacterial wilt and rot of potatoes. Sci. Agr. 
17: 518-522. 1937. 

7 Elliott, Charlotte. The genm Phytomonas, Phytopath. 27: 1181-1182. 1937. 

8 Burkholder, W. H. The taxonomy and nomenclature of the phytopathogenie bac- 
teria. Phytopath. 29 : 128-136. 1939. 

9 Dowson, W. J. On the systematic position and generic names of the Gram-negative 
bacterial plant pathogens. Zentralb. Bakt. Abt. 11. 100: 177-193. 1939. 

10 Jensen, H. L. Studies on saprophytic Mycobacteria and Corynebacteria. Proe. 
Linn. Soc. New S. Wales. 59 : 19-62. 1934. 

11 Lehmann, K. B., and B. Neumann. CoryTiehacteHum. Atlas und Grundriss der 
Bakteriologie. Teil. II. 1 Auft. 108 and 350. Lehmann (Munchen). 1896. 
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the name of the ring-rot organism he changed to Cprynebacterium sepedoni- 
cum (Spieckermaiin et Kotthoff) comb, nov— J. B. Skaptason and W. H. 
Burkholder, Department of Plant Pathology, Cornell University, Ithaca, 
New York. 

Scolyttis S2dcatus and Apple Trees in Relation to the Dutch Elm Disease 
Control Program, — Scolytus snlcatus LeC., a bark beetle, commonly re- 
ported on apple and occasionally on related species of trees in central and 
eastern New York, western Connecticut, and northern New Jersey, has been 
reported feeding on and breeding in elm.^ Eecently, S. sulcatus has been 
found capable of transmitting Ceratostomella nlmi Buisman under con- 
trolled conditions from infected elm logs to nursery elms in cages.^ 

A preliminary investigation of the pathogenicity and longevity of 
Ceratostomella ulmi in apple trees and wood has been conducted during the 
past 2 years. On June 5, 1939, 100 wild-apple seedlings (Pyrus mahcs L.), 
1 to 14 in. in diameter at the base and 5 to 12 ft. tall, were inoculated 
at one point near the base of the trunk. Inoculation was effected by 
making a vertical tangential incision into the xylem with a ^-in. wood 
chisel and then immediately filling the wound with an aqueous suspension 
of spores of C. ulmi. Ten comparable trees were similarly inoculated with 
sterile water as cheeks. No external symptoms of the disease were noted 
on any of the trees. During the first week of September, 1939, 50 of the 
inoculated trees and 5 of the cheek trees were cut and examined for infection. 
Light-brown discoloration, which in 16 cases extended into the small twigs, 
was observed in the xylem of all of the 50 inoculated trees (Pig. 1). The 
minimum, maximum, and average spreads of C. ulmi from the points of 
inoculation, as determined by the recovery of C, ulmi hj culturing, were 
5.25, 111.68, and 47.75 inches, respectively. C. ulmi could not be isolated 
from any of the check trees. 

After examination the trunks of the 50 inoculated trees were placed out- 
doors on the ground in dense shade. On September 24, 1939, coremia were 
noted growing on cut surfaces of 11 of the trunks. The heads from several 
coremia on each trunk were cultured and in each ease proved to be 
Ceratostomella ulmi. On October 1-3, 1940, cultures were made of dis- 
colored streaks in the xylem from the 50 trunks that had been stored on the 
ground approximately 13 months. C. ulmi was recovered from 19 of the 
trunks. These 19 trunks were cultured again on March 5, 1941, but G. ulmi 
was recovered in only 2 cases. Efforts to recover C, ulmi from these re- 
maining 2 trunks on September 12, 1941, were unsuccessful, the organism 
apparently having died out sometime between the 18th and 24th month of 
storage. 

On September 23, 1941, 27 months after inoculation, samples were cut 
from 10 of the inoculated trees remaining. Ceratostomella ulmi was re- 
covered from 9 of the 10 trees. 

1 Peeliuman, L. L. A preliminary study of the biology of Scolytus sulcatus LeC., 

Jour. Econ. Ent. 31: 537-543. 1938. 

2 Buchanan, W. D. Scolytus sulcatus LeO. transmits Dutch elm disease fungus under 
controlled conditions. Jour. Econ. Ent. 33: 250-251. 1940. 
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In December, 1940, and in January, 1941, 107 samples of apple wood 
infested with Soolytus sulcatus were collected at 17 points in 4 counties in 
New Jersey and at 15 points in 3 counties in New York within 1,000 feet of 
where plms infected with Geratostomella ulmi had been found and removed 
by the Bureau of Entomology and Plant Quarantine.^ Attempts to isolate 



Fig. 1. — (A) Longitudinal section and (B) cross section of apple branch showing 
streaks of discoloration resulting from inoculation with Geratostomella ulmi. 

C. ulmi .from representative maternal galleries from the 107 collections were 
made by the method described by J. M. "Walter.^ Of 535 none yielded 
C. ulmi. 

The remaining infested material was then placed in rearing jars in the 
rearing room of the Division of Forest Insect Investigations, Morristown, 
N. J. The adult Scolytus sulcatus were collected regularly as they emerged, 
and were cnltnred. None of the 14,311 beetles from the infested material 
yielded Ceratostomella ulmi. 

Even though Ceratostomella idmi is capable of remaining viable for 
considerable periods of time in living apple trees and also in apple wood, the 
probability of Soolytus sulcatus transmitting the fungus to apple wood in 
nature and of the apple wood being an important source of inoculum for 
later spread, apparently is relatively unimportant at present in the Dutch 
elm disease control program. — S. J. Smucker, Division of Forest Pathology, 
Bureau of Plant Industry, U. S, Department of Agriculture, Morristown, 
New Jersey. 

3 Acknowledgment is hereby made of the assistance rendered by J. F. Wootten and 
the various County Supervisors of the Dutch Elm Disease Control Office of the Bureau 
of Entomology and Plant Quarantine in making these collections possible. Acknowledg- 
ment is also made of the assistance rendered by W. D. Buchanan and Charles Griswold 
of the Division of Forest Insect Investigations in collecting apple wood infested with 
Scolytus sulcatus, and in rearing 8, sulcatus from the infested material. 

^Walter, J. M. Technique advantageous for the isolation of Ceratostomella ulmi 
from bark beetles. Phytopath. (Abstracts) 25: 37-38. 1935. 


BOOK EEVIEW 


The American Society op Agronomy and The National Fertilizer Association. 
Hunger Signs in GropSy 340 pp., 95 figs., with. 79 colored plates. $2.50. Judd 
& Detweiler and Standard Engraving Co. (Washington). 1941. 

The publication of / ^Hunger Signs in Crops'' makes available to plant pathologists 
a valuable reference for use in diagnosing plant diseases. 

The book presents up-to-date information on the abnormal macroscopic conditions 
that are induced in agricultural plants when the supply of one, or more, of the food mate- 
rials in the soil is insufficient. Since a deficiency of any one element may induce quite 
different symptoms on different plants, the plants are for the most part dealt with indi- 
vidually. Thus, there are chapters covering nutrient deficiencies in tobacco, corn and 
small grains, potato, cotton, truck crop plants, deciduous fruits, legumes, and citrus. The 
food materials dealt with are nitrogen, phosphorus, potassium, magnesiuni, calcium, boron, 
manganese, sulphur, iron, coppei;, and zinc. Each chapter has been written by specialists 
who have made extensive investigations on the crop coneerned. Consequently, the descrip- 
tion of the various deficiency symptoms are characterized by clarity of definition and a 
full appreciation of the complexities involved. At the end of each chapter a selected list 
of references is given. An outstanding value of the book is the large number of photo- 
graphs in natural color illustrating the various disorders described in the text. There 
are 79 full-page color plates and many photographs in black and white. It is a text that 
should be on the shelf of every plant pathologist who contacts field problems, and who 
must make field diagnoses. — ^H. E. McLarty, Dominion Laboratory of Plant Pathology, 
Summerland, British Columbia. 
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NOTICES 

SUMMER MEETING AMERICAN PHYTOPATHOLOGICAL SOCIETY 

The Summer Meeting of the American Phytopathological Society will he 
held June 25-26, 1942, in the Seeor Hotel, Toledo, Ohio. The first session 
will begin at 10 : 00 a.m., June 25. 

The purpose of this meeting is to assist in coordinating the various war 
emergency efforts of the Society. The functions, accomplishments, and 
future plans of the Society’s War Emergency Committee, subcommittees, 
and sectional committees will be reported briefly with plenty of opportunity 
for discussion. Topics to be discussed, if time permits, include : fungicides 
— their availability and substitutes, coordinated research programs, duties 
of extension pathologists, draft deferment, disease surveys, quarantines, seed 
treatment and certification, cooperation with workers in other sciences, and 
other timely subjects. 

A summer meeting of this nature is new for our Society, but presents an 
excellent opportunity to become intimately acquainted with the emergency 
programs and problems, and to contribute constructive criticisms and sug- 
gestions for future procedure. 

When making hotel reservations indicate that you expect to attend the 
American Phytopathological Society Meetings. 

Committee on Program and Arrangements 
1942 Summer Meeting 

CONSERVATION OF SCHOLARLY JOURNALS 

The American Library Association created this last year the Committee 
on Aid to Libraries in War Areas, headed by John R. Russell, the Librarian 
of the University of Rochester. The Committee is faced with numerous 
serious problems and hopes that American scholars and scientists will be 
of considerable aid in the solution of one of these problems. 

One of the most difficult tasks in library reconstruction after the first 
World War was that of completing foreign institutional sets of American 
scholarly, scientific, and technical periodicals. The attempt to avoid a dupli- 
cation of that situation is now the concern of the Committee. 

Many sets of journals will be broken by the financial inability of the insti- 
tutions to renew subscriptions. As far as possible they will be completed 
from a stock of periodicals being purchased by the Committee. Many more 
will have been broken through mail difficulties and loss of shipments, while 
still other sets wilt have disappeared in the destruction of libraries. The 
size of the eventual demand is impossible to estimate, but requests received 
by the Committee already give evidence that it will be enormous. 

With an imminent paper shortage attempts are being made to collect old 
periodicals for pulp. Fearing this possible reduction in the already limited 
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supply of scholarly and scientific journals, the Gominittee hopes to enlist the 
cooperation of subscribers to this journal in preventing the sacrifice of this 
type of material to the pulp demand. It is scarcely necessary to mention the 
appreciation of foreign institutions and scholars for this activity. 

Questions concerning the project or concerning the value of particular 
periodicals to the project should be directed to Wayne M. Hartwell, Execu- 
tive Assistant to the Committee on Aid to Libraries in War Areas, Kush 
Khees Library, University of Kochester, Rochester, New York. 


ANNOUNCEMENT 

^Hn the July issue of The Botanical Review there will be an extensive 
review by Dr. W. J. Robbins and Dr. V. Kavanagh of the New York Botan- 
ical Garden and Columbia University on Witamin Deficiencies of the Fila- 
mentous Fungi’ which will be a tabulated summary of growth substance 
requirements of 375 species. Authors’ reprints will not be distributed, but 
separate copies may be purchased for 50 cents each by pre-publication orders 
to The Botanical Review^ New York Botanical Garden.” 


The report of the Committee on Nomenclature and Classification of 
Plant Viruses having been, through error, omitted from the Annual Report 
of the Society, published in the April number of Phytopathology, is here 
presented, together with the covering motion adopted by the Society. 

The motion made, seconded, and adopted by the Council in session at 
Dallas, Texas, Dec. 28, 1941, and subsequently presented to the Society in 
regular business session, was, in substance as follows : The Council realizes 
that this committee has a very difficult assignment, and that it has been a 
hard-working committee, and, in view of the fact that it has not yet been 
possible to arrive at final recommendations, the Council recommends that the 
present reports be received with appreciation as reports of progress, and laid 
on the table. Following is the report of the committee : 

Report op the Committee on Nomenclature and Classification 
OP Plant Viruses 

The Committee approves (6 for; Gardner and Johnson against) the 
designation of plant viruses by a system of Latin binomials such as that used 
for scientific naming of organisms. An essentially similar system is used in 
naming the substances dealt with in Materia Medica. There is good ground 
for hope that the Committee will soon sponsor and recommend to the Society 
for approval and publication a simplified, compromise system of virus classi- 
fication. 

During the past year much progress has been made by some of the sub- 
committees selected to compile the synonyms and descriptions of viruses 
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assoeiated witli the plants of the principal crop divisions. Completion of 
the assignments will be hastened if the use of a Latin binomial as the pre- 
ferred designation for a virus is generally accepted. 

Eubanks Carsner^ Chairman James Johnson 

C. W. Bennett H. H. McKinney 

M. W. Gardner H. H. Thoenbeery 

P. 0. Holmes . Freeman Weiss 






OEMOND EOUEKE BUTLEE 
1877-1940 

I . E , M E L H U S 

Dr. Ormond Eonrke Butler was head of the Department of Botany of the 
University of New Hampshire and Botanist of the New Hampshire Agricul- 
tural Experiment Station from 1912 until the time of his death. 

The copper fungicides received Dr. Butler’s best efforts for many years, 
and his contributions bear evidence of his originality and thoroughness. It 
was natural that his researches on the properties of fungicides should lead 
him to give special attention to the control of apple and potato diseases. In 
all his research he worked carefully, feeling that no price was too great to 
pay for accuracy. He thoroughly understood his field and had outstanding 
ability in organizing his research. Dr. Butler read the literature to such 
an extent that it became a part of him. He refused to be drawn into any 
argument and enjoyed a clear exposition of another person’s point of view. 
Favor and prejudice never were permitted to influence his findings in re- 
search. All scientific data obtained through his investigations could be 
accepted without any question as to their authenticity. 

Although he seldom was ill, he was not robust. Throughout his career as 
a scientist, however, he worked tirelessly. He did not have a wide circle of 
friends but rather a few vep^' loyal ones. His sterling character was mani- 
fested by his admiration and respect for his father and mother and his 
loyalty to his friends. He was generous, sympathetic, and retiring almost 
to his own detriment. 

Dr. Butler had several hobbies. He was greatly interested in gardening, 
particularly in the growing of rhodo^jidrons. Another hobby was that of 
cooking, which began with a ^|^dy that he made on the cooking qualities of 
potatoes. It is reported that he left three notebooks filled with data and 
recipes. 

Symphonic music, the ballet, and opera were among his diversions. He 
had a thorough command of the French language and prized his collection 
of French books. It was always his dream that he might return to visit in 
France and Switzerland, where he spent most of his youth. 

Ormond Eourke Butler was born in Melbourne, Australia, on August 14, 
1877. He was the elder of two sons of Thomas and Mary Anne (Eourke) 
Butler. His mother was the daughter of Henry Eourke, a contractor and 
cattleman in Australia, In 1895 he received the diploma of the Institute 
Nationale Agricole, Lausanne, Switzerland, where he completed the equiva- 
lent of our grammar and high school studies. That same year he came to 
the United States and was granted citizenship fourteen years later. From 
1895 to 1900 he was viticulturist-hoifticulturist in California. He entered 
the University of California where he received the degree of Bachelor of 
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Seienee and, following this, the degree of Master of Science, in 1905. Prom 
1906 through 1908 he was assistant at the Southern California Pathological 
Laboratory at Whittier, California. Thereafter he pursued graduate work 
at Cornell University, w^here he received the degree of Doctor of Philosophy 
in 1910. He then became research instructor in the Department of Plorti- 
culture at the University of Wisconsin. Prom 1912 until the time of his 
death he was head of the Department of Botany of the University of New 
Hampshire and Botanist of the New Hampshire Agricultural Experiment 
Station. Dr. Butler died on October 24, 1940. He is survived by tw’-o sons. 



ORMOND ROURKE BUTLER 
(1877-1940) 


Eobert E. and Alexander E. Butler. His wife, the former Eoberta Van 
Horn, a graduate of North Dakota State College, preceded him in death on 
March 8, 1929. 

Dr. Butler was a charter member of The American Phytopathological 
Society, a member of the American Society of Agronomy, a Pellow of the 
American Association for the Advancement of Science, and a member of 
Sigma Xi and Phi Kappa Phi. 

At the time of his death Dr, Butler was engaged in several experiment 
station research projects, one of whiel^as '‘Control of Apple Scab.'' His 
data and observations on this problem are now being prepared for publica- 
tion. Other investigations included effect of temperature and other environ- 
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mental factors on the expression of symptoms of potato mosaic, spray injury 
by lime-sulphur, effect of temperature on potatoes in storage, control of 
bitter pit of apple, peony diseases, and the control of poison ivy. 
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THE INHERITANCE OF RESISTANCE TO USTILAGO NUDA^ 

J . E. Livingston 
(Accepted for publication. July 17, 1941) 

INTRODUCTION 

Flower-infecting loose smut, caused by Ustilago nuda (Jens.) K. and S,, 
is one of the most widely recognized diseases of barley in Missouri. The 
modified hot-water treatment (1) for destroying the dormant- mycelium of 
TJ. nuda within the barley seed is difficult to apply, and, even under carefully 
controlled conditions, may cause some damage. It is desirable, therefore, to 
have available varieties that are resistant to the attack of this fungus and 
adapted to Missouri conditions. During the course of the breeding program 
to develop an adapted variety of winter barley resistant to U. nuda^ an 
attempt was made to determine the behavior of the inheritance of resistance 
to this smut in various barley hybrids, and the linkage relations between the 
factors for resistance, hoods, six-row heads, and winter habit. 

Zeiner (10) studied 8 crosses between barley varieties showing various 
degrees of susceptibility to Ustilago nuda. Resistance appeared to be domi- 
nant and controlled by a single factor, although the evidence was inconclu- 
sive. "When two susceptible varieties were crossed there was no indication 
of transgressive segregation toward greater resistance. 

Nammaeher (5) confirmed many of Zeiner ^s results; the uncertainty of 
the infection method, however, made it difficult to obtain an accurate analy- 
sis of the factors governing the reaction of the Ps progenies. 

The low percentage of smutted heads resulting from artificial inoculation 
with chlamydospores has been one of the greatest handicaps in varietal test- 
ing for resistance to Ustilago nuda. Methods involving the clipping or 
spreading of the glumes have lowered the vitality of the seed (8, 10). 
Tapke (8) and Moore (4) have developed methods that give fairly good 
infection with this loose smut of barley and ordinarily produce plump and 
viable seed from inoculated flowers. 

MATERIALS AND METHODS 

In comparative tests the partial-vacuum method of inoculation described 
by Moore (4) gave the most satisfactory results and was used throughout 
this investigation. The flowers at the 3 terminal and basal joints of the 
rachis were removed and the remainder of the head inoculated from 12 to 
24 hours after anthesis of the terminal flowers. The vacuum was supplied 
by making 20 strokes with an automobile pump having a If-inch bore. 

1 The subject matter of this paper was submitted to the faculty of the G-raduate Col- 
lege of the University of Missouri in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy. 

The wu-iter wishes lo express his appreciation to Dr. C. M. Tucker for his supervision 
and criticism during the course of this investigation and for his suggestions in the 
preparation of the manuscript. 
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Inoculated plants were placed for 72 honrSj in an incubation chamber, in 
the greenhouse with a humidity range of 85 to 95 per cent and a tempera- 
ture range of 15 to 30° C. Night temperatures usually were maintained 
between 15° and 18°, and, during the daytime, between 20° and 22° C., 
except in late spring, when they frequently reached 30° C. Microscopic 
examination of the stigmas showed spore germination under these conditions 
in less than 24 hours. 

The inoculum supply was built up and niaintained on Missouri Early 
Beardless winter barley from a single infected head of the same variety. 
Spore structure and type of germination proved it to be UsUlago mida. 
Mature smutted heads were collected and stored, in a refrigerator, from 30 
to 60 days at 3° to 5° G. Germination of the spores was alwa 3 ^s tested before 
applying them, and only samples with a germination of 50 per cent or higher 
were used. The spore suspension used as inoculum consisted of approxi- 
mately 50 mg. of chlamydospores of U. nuda in 60 ml. of tap water. 

Inoculated seed was germinated in the laboratory and planted in, paper 
plant bands, where they were kept until they were approximately 3 inches 
high, and then were transplanted to the field. This procedure reduced the 
seedling mortality loss of infected material. 

Data on the susceptibility of the parent varieties to the Missouri Early 
Beardless collection of Ustilago mida are presented in table 1. There was 
a fairly large variation in the limits of susceptibility, even though care was 
taken to maintain uniform inoculation and incubation conditions. Total 
infection in the susceptible varieties was not obtained. This may be due to 
differing varietal susceptibility or to some fault in the inoculation method. 


TABLE 1 . — JSuscepWhiUty of barley varieties to the Missouri Early Beardless collec- 
tion of Ustilago nuda when inoculated by the partial-vacuum method 


Variety 

Tests 

Seeds 

planted 

Plants 

obtained 

Plants 

infected 

Average 

infection^ 

Missouri Early Beardless... 

Colsess IV 

Trebi 

Mordeum deficiens 

Number 

8 

i 8 

I 9 

I 5 

Number 

858 

563 

649 

521 

Number 

754 

504 

514 

477 

Number 

399 

381 

7 

5, 

Ber cent 
52.92 ± 7.61 

75.59 ±12.39 

1.36 ± 0.607 

1.05 ± 0.246 


a Standard errors. 


INFECTION OF HYBRID PROGENIES 

In order to expose the progeny of a hybrid barley plant to infection by 
Ustilago nuda, the heads were inoculated at flowering time. The tissues 
through which the infecting hyphae penetrate to the ovary are those of the 
parent plant, which may differ genetically from those of the embryo to be 
tested for susceptibility. It was necessary, therefore, to ascertain whether 
the results of inoculation were influenced by the resistance or susceptibility 
of the parent-plant tissue or by the resistance or susceptibility of the em- 
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bryo. For example, wben the flowers of Fi hybrids were inoculated, was 
the appearance of smut in the Fa plants dependent on the ability of the 
fungus to penetrate the floral tissues of the Fi hybrid, or on its ability to 
infect the tissues of the Fa embryo! An examination of the Fi hybrids of 
reciprocal crosses between resistant and susceptible varieties should yield 
information on this point. The Fi generation was tested by inoculating the 
flowers of the female parent 24 hours after the introduction of pollen from 
the male parent. Unfortunately, Fi material of only one series of reciprocal 
crosses was available. 

Crosses between Trebi (1.36 per cent susceptible) and Colsess IV (75.59 
per cent susceptible), in which Trebi yvas used as the female parent (Table 
2), yielded 57 Fi plants, of which 3.51 per cent were infected. The recipro- 
cal cross yielded 48 Fi plants, of which 6.25 per cent were infected. Al- 
though the percentage of infection was considerably higher when the sus- 
eeptible female parent was inoculated, the difference is not significant. 

A further comparison of the effect of the reaction of the parent on em- 
bryo infection may be drawn from the results of inoculation of the Fi 
hybrids, Trebi x Missouri Early Beardless and Missouri Early Beardless 
x Hordeum defi>ciens. When Trebi (1.36 per cent susceptible) was polli- 
nated with pollen of Missouri Early Beardless (52.92 per cent susceptible) 
and inoculated, 84 Fi plants were secured, of which 1.19 per cent were in- 
fected. When stigmas of Missouri Early Beardless (52.92 per cent suscep- 
tible) were pollinated with pollen ot JS. deficiens (1.05 per cent susceptible) 
and inoculated, all of the 36 Fi hybrids showed no infection. While the 
data are not extensive, there are clear indications that the infection of the 
hybrids is determined by the nature of the embryo, rather than by the resis- 
tance or the susceptibility of the floral tissues of the female parent on which 
they are borne. 

The hypothesis that stigmatic tissues are susceptible to invasion by infec- 
tion hyphae is further supported by the behavior of the F 2 hybrids. When 
the stigmas of Fi hybrids are inoculated, the infection hyphae must pene- 
trate the floral tissues bearing the Fi complement of genes for resistance and 
susceptibility. That such tissues are susceptible is proved by the increased 
percentages of infection among F 2 plants (Table 3). 

Similar results were obtained by Larose and Vanderwalle (2) and Milan 
(3) with wheat hybrids inoculated with Ustilago tritici (Pers.) Rostr. They 
inoculated plants of the Fi generation of reciprocal crosses and found resis- 
tance dominant, regardless of whether a resistant or a susceptible plant w^as 
used as the female parent. 

INHERITANCE OF RESISTANCE FACTORS 

The study of the method of inheritance of resistance to Ustilago nuda 
was complicated by the fact that it was not possible to obtain 100 per cent 
infection, even in Colsess lY, the most susceptible variety tested (Table 1). 
Since the breeding program was directed primarily toward incorporating 
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desirable agToiiomie characters with smut resistaiiee, many of the crosses 
involved the use of Missouri Early Beardless, which showed an average 
infection of about 50 per cent by the most etfective inoculation methods 
available: It was considered desirable, therefore, to observe the behavior 
of inoculated Fi, F 2 , and F 3 progenies. 

Pi Generation 

The data for the infection of Pi barley hybrids inoculated with chlamy do- 
spores of Ustilago nuda (Table 2) suggest that the resistance of Trebi and 
Hordeiim deficiens is transmitted as a dominant character. Since neither 
variety is immune, an occasional smufted plant is to be expected among the 
Fi hybrids. In the reciprocal crosses of Trebi with Colsess IV, however, 
the percentage of infection of inoculated Pi hybrids was somewhat greater 
than that obtained by inoculation of Trebi, indicating that the resistance of 
Trebi may not be completely dominant. 


TABLE 2 . — Infection of Fj ’barley lujbrkls inoculated with chlamy dospores of Usti- 
lago nuda 


Hybrid 

Total 

X)lauts 

Infected plants 

Colsess IV X Trebi 

Ku mber 

48 

Number 

3 

Per cent 
6.25 

Trebi x Colsess lY 

57 

2 

3.51 

Trebi X Missouri Earlv Beardless 

84 

1 

1.19 

Missouri Early Beardless x B'ordeim deficiens 

86 

0 ^ 

0.0 


F 2 Generation 

Infection data for this generation are shown in table 3. The proportion 
of infected plants in the reciprocal crosses of Colsess IV with Trebi suggests 
a dihybrid ratio. It must be borne in mind, however, that the susceptible 
parent did not develop 100 per cent infection when inoculations were made 
at different periods, even though care was taken to maintain uniform con- 
ditions for inoculation and incubation. It, therefore, appears unlikely that 
resistance is dependent on the occurrence of two dominant factors, either of 
which might confer resistance on the progeny. 

When Missouri Early Beardless was crossed with either Trebi or Hor- 
deum deficiens^ a very low percentage of infection was obtained in the second 
generation as compared with that obtained when Trebi was crossed with 
Colsess IV. Since the variety Trebi was used in crosses with both Missouri 
Early Beardless and Colsess IV, there is an indication that the difference in 
susceptibility of Missouri Early Beardless and Colsess IV (Table 1) is appar- 
ent also in the hybrid progenies from crosses involving those two varieties. 

The large percentage of resistant plants in the crosses of Missouri Early 
Beardless with Trebi and with Hordeiim deficiens indicates that the inheri- 
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taiice of resistance to Ustilago nuda may be controlled by several genetic 
factors. Since the crosses of Trebi and Colsess IV indicate the probable 
existence of a single factor for resistance in Trebi, it seems possible that a 
factor for resistance also may have been introduced into the Trebi x Missouri 
Early Beardless cross by the Missouri Early Beardless parent. Crosses 
between Hordeum deficiens and Missouri Early Beardless reacted similarly 
to the Trebi x Missouri Early Beardless cross. 


TABLE 3 . — Infection of barley hybrids inoc-idated with chlamydosyores of Usti~ 
lag 0 nuda 


Hybrid 

Seeds 

planted 

Plants 

Infected plants 

Colsess IV X Trebi 

Humber 

142 

Number 

112 

Number 

12 

Fer cent 

10.71 

Trebi X Colsess IV 

216 

212 

16 

7.54 

Total 

358 1 

324 

28 

8.64 

Missouri Early Beardless x 





Hordeum deficiens 

109 

97 

3 

3.09 

Hordeum deficiens x 





Missouri Early Beardless 

211 

186 

8 

4.30 

Total ! 

320 

283 

11 

3.88 

Trebi x Missouri 





Early Beardless 

234 

191 

4 

2.09 

Colsess IV X Missouri 





Early Beardless 

133 

117 

69 

58.97 


In view of the apparent difference in reaction of the hybrid progenies 
when the two susceptible varieties, Colsess IV and Missouri Early Beardless, 
were used with the same resistant variety, it was of interest to observe the 
infection obtained in inoculated P 2 hybrids from the cross, Colsess IV x Mis- 
souri Early Beardless. Of a total of 117 inoculated F 2 plants, 58.97 per 
cent were infected (Table 3). This more nearly approaches the average 
percentage of infection obtained by inoculating Missouri Early Beardless 
instead of Colsess IV, and may indicate that Missouri Early Beardless pos- 
sesses a weak factor for resistance that is absent in Colsess IV. 

P 3 Generation 

The P 3 progenies were classified as either resistant, segregating, or sus- 
ceptible. The separation of the segregating and susceptible progenies was 
more or less arbitrary. Due to variation in effectiveness of inoculation and 
to the failure to obtain 100 per cent infection of the susceptible parent, it 
was difficult to separate the segregating and susceptible classes. Since the 
lowest percentage of infection obtained by inoculation of Colsess IV was 
58.63, progenies in which the percentage of infected individuals was more 
than 55 per cent were arbitrarily classified as susceptible; the segregating 
progenies included those in which the percentage of infected individuals was 
1 to 55 ; progenies free from infection were considered resistant. The lowest 
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percentage of infection obtained by inoculation of Missouri Early Beardless 
with Ustilago mida wsis 35.90; tlierefore, 35 per cent was cbosen as the sepa- 
ration point between segregating and susceptible progenies when Missouri 
Early Beardless was used as the susceptible parent. Some erroneous classi- 
fications probably were made^ particularly among progenies containing small 
numbers of plants. The average number of plants in the P3 progenies was 
19.3. Progenies containing less than 12 plants were not included. 

A total of 122 families inoculated with Ustilago nuda were grown from 
a smut-free F2 generation of the cross Colsess IV x Trebi (Table 4). There 
were 56 P3 families with 887 individuals containing no smutted plants, while 
66 families containing 955 plants showed infection ranging from 7.69 to 100 
per cent. Only 6 of these families had less than 25 per cent infection, while 
4 had 100 per cent. A total of 31 families (25.41 per cent) contained over 
55 per cent of infected plants, which is within the limits of susceptibility 
of the susceptible parent. The greater number of infected P3 populations 
was fairly well distributed between 20 and 75 per cent, with some tendency 
toward the formation of two groups, one between 20 and 40 per cent, and 
the other between 50 and 75 per cent. 


TABLE 4. — I^ection of Eg families from non-inoculated 'plants ivlien inoculated with 
Mamydospores of ustilago nuda 


Hybrid 

Prog. 

Seeds 

pltd. 

1 

1^3 

plants 

Eg families in infection 
percentage classes 


0.0 

i 

1-54.99 

55-100 


Number 

Number 

Number • 

Number 

Number 

Number 

Colsess IV 







X Trebi 

122 

2357 

1842 

56 

35 

31 

Trebi x 







Colsess IV 

62 

1150 

939 

22 

21 

19 

Total 

184 

3507 

2781 

78 

56 

50 


The reciprocal cross, Trebi x Colsess IV, reacted similarly (Table 4). 
The number of susceptible progenies in both crosses approaches that ex- 
pected if resistance is controlled by a single genetic factor. When the data 
from the reciprocal crosses are combined, 184 P3 progenies are distributed 
in 5 per cent groups (Fig. 1). The percentage of families that reacted in 
a manner characteristic of the susceptible parent suggests that the inheri- 
tance of resistance is dependent on a single factor. The preponderance of 
resistant progenies and the small number of segregating progenies may be 
due to the small numbers of plants in the families, or to variation in effec- 
tiveness of the inoculation methods, and failure to secure 100 per cent infec- 
tion in the susceptible parent, or, yet again, to partial failure of germination. 
Thren (9) reported that introducing a large number of viable spores into a 
flower reduced its ability to produce viable seed. He found that the loss, 
21.4 per cent of the inoculated seeds as compared with 7 per cent of the con- 
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trols, was due primarily to failure of the seeds to germinate, or, to weak 
germination followed by death of the seedlings. 

Like results were obtained in this investigation. A larger percentage 


100 
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Percentage Infection 

Fig. 1. Distribution of Fg progenies in 5 per cent infection classes in reciprocal 
crosses of Trebi witli Colsess TV when artificially inoculated with chlamydospores of 
UstUago nuda, 

of seeds in the Fy families containing infected plants failed to germinate 
than in Fy families with no infection (Table 5), indicating that the pene- 
tration of the embryo of the barley flower by the mycelinm of Ustilago nuda 
has a detrimental effect on the development and maturation of the seed, 
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TABLE 5. — Fercentages of non-vidble seeds in infected and tininfected F.> famU^^^ 
following inoculation with chlamydospores of TJstilago nuda 


Hybrid 

Seeds planted 

E3 pits, 
obtained 

Non-viable 

seeds 

Non-inf. 

prog. 

Inf. 

prog* 

Non-inf. 

prog. 

Inf. 

i prog. ' 

Non-inf. 

prog. 

Inf. 

prog. 

' 

Colsess IV X 

Number 

Number 

Number 

Number 

Per cent 

Per cent 

Trebi 

Trebi x 

1052 

1305 

887 

955 

15.69 

26.82 

Colsess IV 

Trebi x Missouri 

385 

772 

327 

612 

15.07 

20.72 

Early Beardless 

Missouri Early 

Beardless x Hor- 

2999 

1861 

2686 

1619 

10.44 

13.01 

deum deficiens 

Hordeiim deficiens 

X Missouri Early 

752 

467 

660 

384 

12.24 

17.78 

Beardless 

927 

594 

793 

468 

14.46 

21.22 


resulting either in failure of the seed to germinate, or in the production of 
a weak seedling. This tends to eliminate susceptible plants in the progenies 
and to cause some of the segregating progenies to be classified as resistant. 


TABLE 6 . — Infectionof families from non-mocrdated pla7its when inocidated with 

chlamydospores of Ustilago mida 


Hybrid 

Prog. 

Seeds 

pltd. 


¥q families in infection 
percentage classes 

plants 

0.0 

1-34.99 

35-100 

Trebi x Missouri 

Number 

Number 

Number 

Number 

Number 

Number 

Early Beardless 

Missouri Early 

Beardless x 

172 

4860 

4305 

104 

43 

25 

Hordeum deficiens 

Hordeum deficiens 

X Missouri 

72 

1212 

1044 

47 

10 

15 

Early Beardless 

96 

1472 

1261 

61 

18 

17 


The infection data of the hybrids from Trebi with Missouri Early Beard- 
less, and Hordeiim deficiens with Missouri Early Beardless are presented in 
table 6 . The distribution of families in 5 per cent infection groups is shown 
in figure 2. They do not harmonize with the 1:2:1 ratio because of a 
preponderance of resistant progenies. The average percentage of infection 
in segregating and susceptible P 3 progenies of the Trebi x Missouri Early 
Beardless cross was also low (36.53) when compared wdth 52.86 per cent 
infection of comparable P 3 progenies from the cross, Colsess IV x Trebi. 
These results indicate the possible existence of a factor for resistance in the 
hybrids from Trebi x Missouri Early Beardless, which -was not present in 
the Colsess IV x Trebi hybrids. 
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Percentage Infection 

Pig. 2. Distribution of P3 progenies in 5 per cent infection classes in the cross of 
Trebi x Missouri Early Beardless when inoculated with chlanxydospores of Ustilago mida. 

The average percentages of infection of the segregating and susceptible 
F 3 progenies obtained when Missouri Early Beardless was crossed with 
Hordeum deficiens were nearly the same as that obtained when Missouri 
Early Beardless was crossed with Trebi (Table 7). The hybrids from each 
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cross also reacted similarly with respect to the iiiimbers of resistant, segre- 
gating, and snsceptible progenies. Jff. deficiens probably possesses a single 
factor for resistance, which is similar in its effect to the factor carried by 
Trebi, The large number of resistant progenies may be due to a weak fac- 
tor for resistance in Missouri Early Beardless. The existence of such a 
factor was indicated, also, by the behavior of Trebi x Missouri Early Beard- 
less hybrids. 


TABLE 1. —Percentages of infection 'by TJstilago nuda in inoculated segregating and 
susceptible E 3 progenies of various barley 'hybrids 


Hybrid 

Families 

Plants 

Infected plants 

Trebi x Missouri Early 

N%infiber 

Number 

Number 

Per cent 

Beardless 

Missouri Early Beardless x 

68 

1619 

517 

31.93 

Sordetm deficiens 

Sordeum deficiens x 

25 

384 

155 

40.36 

Missouri Early Beardless 

35 

468 

171 

36.53 

Colsess I¥ X Trebi ......f 

62 

1139 

602 

52.86 


Backeross Progenies 

The P 2 plants from the backeross were inoculated by introducing the 
spores of Vsiilago mida into the flowers of the Fi plants. The data are 
presented in table 8. Of 98 inoculated Fa families, obtained by backcrossing 
Pi hybrids of Trebi x Colsess IV onto Colsess IV, 21 were free from infec- 
tion, while 77 contained 1 or more infected individuals. If resistance is 
controlled by a single factor, all of the Pa families from the backeross should 
show some infection with a tendency for the progenies to accumulate in two 
infection groups. If 25 per cent is arbitrarily taken as the upper limit of 
susceptibility of the progenies from heterozygous backcross-generation 
plants, 57 progenies would be classified as heterozygous and 41 as homo- 
zygous for susceptibility. These figures agree reasonably well with the ex- 
pected segregation of 1 heterozygous : 1 homozygous progeny, in view of 
the afore-mentioned difficulties in obtaining infection of all susceptible 
plants. 

Of the Pa plants, obtained by backcrossing Pi hybrids of Trebi x Missouri 
Early Beardless onto Missouri Early Beardless, there were 61 progenies 
showing less than 25 per cent infection, and only 23 progenies showing 25 
per cent or more infection. This segregation does not conform to the 1 
heterozygous : 1 homozygous ratio expected when a single factor for resis- 
tance is operating. The resistant parent used in this backeross was the 
same as that used in producing the hybrids of the backeross, Colsess IV 
X (Trebi X Colsess IV), which segregated reasonably close to the 1 : 1 ratio 
when inoculated under similar conditions. This further indicates that the 
Missouri Early Beardless parent probably contributes a factor for resistance 
that tends to reduce the susceptibility of the hybrids, in addition to the 
factor for resistance contribixted by Trebi. 


1942] 


Livingston : Resistance to Ustilago nuda 


461 


TABLE 8.— Infection of the frst-selfed generation progenies from the lackcross 
when inoculated with chlaniydospores of XJstilago nuda 


Backcross 

Prog. 

Plants 

Progenies in infection 
percentage classes 




0.0 

1-24.99 

25-100 

Colsess IVx (Trebi 

Number 

Number 

Number 

N timber 

Number 

X Colsess IV) 

Missouri Early I 

Beardless X (Trebi 

X Missouri Early 

98 

1766 

21 

36 

41 

Beardless) 

84 

1219 

32 

29 

23 


ASSOCIATION OP CHARACTERS 

Hybrids from the cross, Missouri Early Beardless x JETorde-itm deficiemy 
were used for studying the association between morphological characters. 
They were particularly desirable for a study of the association, since the 
parents differed in the expression of 3 morphological characters, important 
from the standpoint of development of a desirable variety of winter barley. 
Missouri Early Beardless possessed the 3 desirable characters, hoods, six-row 
heads, and winter habit, but .was susceptible to Ustilago nuda^ whereas JET. 
deficiens possessed awms, deficiens-tyige heads, spring habit, and resistance 
to Ustilago nuda. 

The factor pairs for the hooded vs. awned, and the non-six-row vs. six- 
row condition have been placed in separate linkage groups (6) and confirmed 
in this investigation. No reports have been found in the literature concern- 
ing linkage relations of the factors that control spring vs. winter habit in 
barley. 

Segregation and linkages in the second generation were determined by 
observing the segregation of uninoculated P 2 progenies. 

Spring Winter Habit 

Generation. All of the 36 Pi plants of the cross, Missouri Early 
Beardless x Hordeum deficiens ^ showed the spring habit of growth, indicat- 
ing dominance of that habit. This was true also of the first generation 
plants from the cross of Trebi x Missouri Early Beardless. 


TABLE 9. — Fs segregation of spring vs. winter hahit in harley hybrids from Missouri 
Farly Beardless X Hordeum deficiens and reciprocal 


Obs 

Theor. 3:1 


Spring 

Number 

161 

150.75 


Number 

40 

50.25 


F 2 Generation. The progenies from 201 selfed Fi plants were observed 
and the results recorded in table 9. One hundred sixty-one of the P 2 plants 
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were classified as spring type and 40 as winter type. When compared with 
the 3 : 1 ratio expected when the segregation is controlled by a single genetic 
factor, chi-square was 2.7876. This is a satisfactory agreement between the 
observed and the calculated frequencies, and indicates that a single factor 
pair controls the inherit ance of spring and winter habit, with the factor for 
spring habit dominant. 

Hoods vs. Awns with Spring vs. Winter Habit 

¥2 segregation of hybrids from the cross, Missouri Early Beardless 
xEordeum deficiem, indicates that the two pairs of factors for hoods vs. 
awns and spring vs. winter habit are inherited independently (Table 10). 
When compared with the normal 9 : 3 : 3 : 1 ratio, chi-square was 0.5975, indi- 
cating that the factor pairs determining the above characters are not in the 
same linkage group. 

TABLE 10. — F.. association of morphological characters in Missouri 'Early Beard- 
less X Kordeum deficiens liy'brids 



Spring 

Winter 


Plant type 

Obs. 

Theor. 

9:3:3:1 

Obs. 

Theor. 

9:3:3:1 



Numhe-r Nnmher Number Number 
Hooded x awned 


Hooded 

Awned 

63 

23 

65.25 

21.75 

24 

6 

21.75 

7.25 

0.5975 

>.8 

Non-six-row x six-row 

Non-six-row 

Six-row 

66 

20 

65.25 

21.75 

25 

5 

21.75 

7.25 

1.3332 

>•7 


Non-six-row vs. Six-row with Spring vs. Winter Habit 

When the frequencies obtained in the segregation of non-six-row vs. six- 
row with spring vs. winter habit were compared with the normal 9 : 3 : 3 : 1 
ratio expected when 2 factor pairs segregate independently (Table 10), chi- 
square was 1.3332. This is not a significant deviation from the values 
expected with independent segregation. 

It may be concluded from the data presented on the segregation of 
morphological characters that the 3 factor pairs determining hoods vs. awns, 
non-six-row vs. six-row heads, and spring vs. winter habit are located in 
separate linkage groups. 

Eesistance Susceptibility with Hoods Awns 

The data for the comparison of the frequencies of resistant and sus- 
ceptible P 2 progenies Avith hooded and awned progenies are presented in 
table 11. Because of the difficulty of accurately classifying the resistant, 
segregating, and susceptible progenies, a theoretical ratio, with which link- 
age intensities may be compared, cannot be formulated. In an attempt, 
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however, to obtain some indication of possible linkage, the data are compared 
with frequencies expected when segregation is controlled by 2 independent 
factor pairs. 


TABLE 11. — Fa segregation of hoods vs. aicns with resistance vs. susceptihiUty 


Gross 

Batio 

Hoods 

Awns 

Total 

Eesis. 

Suscep. 

Eesis. 

Suscep. 



Ntimher 

Number 

N limber 

N’umiber 

Number 

Colsess IV X 
Trebi and 
reciprocal 

Obs. 

Theor. 

9 : 3 : 3 : 1 

104 

103.50 

38 

34.50 

30 

34.50 

12 

11.50 

184 

Missouri Early 
Beardless x 
Mordeum de- 
ficiens and 
reciprocal 

1 Obs. 

I Theor. 

^ 9: 3: 3: 1 

110 

94.50 

! 

23 

31.50 

26 

31.50 

9 

10.50 

168 

Trebi x Mis- 
souri Early 
Beardless 

^ Obs. 

: Theor. 

1 9: 3: 3: 1 

Ill 

96.75 

22 

32.25 

36 

32.25 

3 

10.75 

172 


There was no indication of linkage between the factor pairs determining 
resistance vs. susceptibility and hoods vs. awns in hybrids from Colsess 
IV X Trebi. Segregation for resistance in hybrids from this cross was 
apparently controlled by a single factor, and when the data are compared 
with the segregation for hoods vs. awns, it approaches the 9 : 3 : 3 : 1 ratio 
expected with independent segregation of 2 factor pairs. 

The data for the segregation of the factor pairs in hybrids from Missouri 
Early Beardless with Hordeum deficiens and Trebi do not agree with the 
9 : 3 : 3 : 1 ratio. There were more resistant plants and fewer susceptible 
ones in both the hooded and awned classes than was to be expected with 
segregation of two independent factor pairs. The segregation of the hybrids 
for resistance and susceptibility indicated the presence of a single dominant 
factor for resistance supplied by the resistant parents and an additional 
weak factor for resistance furnished by the Missouri Early Beardless parent. 
The possible presence of this second factor and the difficulty of obtaining 
universal infection of the susceptible progenies probably accounts for the 
large number of resistant progenies in comparison to the number of sus- 
ceptible ones. For these reasons it is doubtful if there is any linkage between 
the factor pairs determining resistance vs. susceptibility and hoods vs. awns 
in any of the crosses studied. 

Besistance Susceptibility with Non-six-row Six-row 

There was no indication of linkage between the factors determining 
resistance and susceptibility and those determining non-six-row and six-row 
heads. When the data are arranged in 4 classes, the numbers approach 
those expected on the basis of independent segregation (Table 12). 
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TABLE 12. — Ea association of characters in recii)rocal crosses of Missouri Early 
Beardless x Eordeum deficiens 


Plant type 

Eesistant 

Susceptible 

Total 

Obs. 

Theor. 

9: 3: 3: 1 

Obs. 

Tlieor. 

9 : 3 : 3 : 1 


Number 

Number 

Number 

Num'ber 




Noii-six-row x six-row 



Non- six-row 

96 

95.04 

21 

31.68 


vSix-row 

40 

31.68 

11 

10.56 

168 

Spring X winter 

Spring 

53 

j 47.81 

20 

15.93 


"Winter 

3 

15.93 

9 

5.31 

85 


Kesistaiice vs. Susceptibility with Spring vs. Winter Habit 

The data for the segregation of the factor pairs determining resistance 
vs. susceptibility and spring vs. winter habit are presented in table 12. 

Of the 85 inoculated P 2 plants only 3 possessed resistance and winter 
habit. This is a much smaller number of resistant winter plants than was 
to be expected, since resistance is transmitted as a dominant character. 
There were more susceptible winter-type than resistant winter-type indi- 
viduals, suggesting the possibility of linkage between the factors for winter 
habit and susceptibility; however, the number of plants is not sufficiently 
large to permit definite conclusions. 

In the field there would probably be less evidence of linkage between 
the factors for winter habit and susceptibility because infected embryos 
often produce weak plants, which would be eliminated by winter conditions. 
Thren (9) reported weak germination of seeds from flowers inoculated with 
a large number of viable spores of Ustilago mida; the loss was higher in 
winter than in spring barley, the result of the inability of weak, infected 
plants to withstand adverse weather conditions. 

DISCUSSION 

* The exact nature of the inheritance of resistance in barley to Ustilago 
mida was not determined because of the failure to identify all susceptible 
and segregating genotypes. An inoculation method that will give 100 per 
cent infection with Z7. mida has not yet been devised. Another complicating 
factor is the possibility of the presence of several physiologic forms of 
U. mida in the inoculum, even though the inoculum supply were built np 
from a single infected head of Missouri Early Beardless barley by repeated 
inoculation of that variety. A third factor, previously pointed out by 
Boemer (7) and Thren (9), is that infected plants may be weakened by the 
presence of the loose-smut fungus, which results in a selective death of 
seedlings. This difficulty was partly eliminated in the present investigation 
by germinating the seeds in the laboratory, planting in plant bands, and 
growing to a height of 3 inches in a cold frame before transplanting to the 



1942] 


Livingston: Eesistance to Ustilago nitda 


465 


field. Progenies that survived the winter in the field were, however, un- 
doubtedly subject to loss of infected seedlings, possibly accounting, in part, 
for the preponderance of resistant plants and progenies. 

It was apparent, however, that resistance to Ustilago niida was inherited 
as a dominant character. The Fi generation usually equalled or approached 
the resistance of the resistant pax^ents, although in crosses between Trebi 
and Colsess IV there was some evidence that dominance may not be complete. 
In later generations there was apparently an excess of resistant plants. 
Nahmmacher (5) and Zeiner (10) found resistance to V- nuda was com- 
pletely dominant and controlled by a single factor in certain barley crosses. 

Resistance appeared to be physiological. When flowers were inoculated 
on a plant carrying factors for resistance in a heterozygous condition, both 
resistant and susceptible plants were obtained. Hyphae from the fungus 
spores must reach the ovule in order to infect the susceptible embryos. Ex- 
cept for the tissues that developed following fertilization of the egg nucleus 
within the embryo sac, the tissues of the flowers that produced resistant and 
susceptible plants were the same. Therefore, the hyphae must be able to 
penetrate the floral tissues to the embryo in plants carrying factors for 
resistance in the dominant condition. The infection of the Pi plants of 
reciprocal crosses (Table 2) also suggests that the fungus reaches the 
embryos with approximately equal frequency, whether the female parent 
is resistant or susceptible. Larose and Yanderwalle (2) and Milan (3) 
found this true of the infection of Pi progenies of reciprocal crosses between 
very susceptible and very resistant wheat varieties inoculated with Ustilago 
tritici. The resistance of the Pi plants approached that of the resistant 
parent, regardless of the resistance of the female parent. 

SUMMARY 

The inheritance of resistance to the brown loose smut of barley, caused 
by Ustilago nuda, was studied in barley hybrids. The two susceptible varie- 
ties, Missouri Early Beardless and Colsess IV, and the resistant varieties 
Trebi m-d Horde%im deficiens were used as parents. 

Infection reactions of Pi plants from reciprocal crosses of Trebi with 
Colsess IV indicated that the infection tubes from the chlamydospores of 
Ustilago nuda reached the hybrid embryos with approximately equal fre- 
quency, regardless of the resistance or susceptibility of the female parent. 

Both Trebi and Hordeum deficiens apparently possess a dominant factor 
for resistance j but dominance may not always be complete. F 2 progenies 
from crosses of each vaiuety with Missouri Early Beardless were infected 
to a similar degree, indicating that the resistance factors carried by the 2 
resistant parents were similar in their effects. 

In P 2 and subsequent generations there was a preponderance of resistant 
plants, possibly attributable to lethal effects of infection, to variations in 
percentages of infection obtainable by the methods used, and to failure to 
obtain universal infection of the susceptible parent. 
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Tlie susceptibility of F2 hybrids from a Colsess IV x Missouri Early 
Beardless cross approached the infection limits of Missouri Early Beardless 
but was less than that of Colsess IV, suggesting the occurrence of a weak 
resistance factor in Missouri Early Beardless. 

The susceptibility of first-selfed backcross generation progenies was in 
agreement with the susceptibility of P2 and subsequent generations, offering 
additional evidence for the presence of a single dominant factor for re- 
sistance in Trebi and Hordeum deficiens, and possibly a weak factor for 
resistance in Missouri Early Beardless. 

There was no evidence of linkage between the factors for resistance and 
those for hoods or six-rowness. 

Promising selections of hooded, six-ro'W, winter barleys resistant to 
Ustilago nuda were obtained. 

Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska. 
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A METHOD FOR THE CULTURE OF SEEDLINGS AND SMALL 
PLANTS IN SUNLIGHT UNDER CONTROLLED TEM- 
PERATURE CONDITIONS^ 

J. A. PlNCKARD AND LUBEN SPASOFF BoZOVAISKYS 
(Accepted for publication August 4, 1941) 

INTRODUCTION 

Tlie effect of ever-clianging environment upon growing plants is a per- 
ennial problem confronting nearly all botanical investigators. To circnin- 
vent tlie problem nnnierons techniques have been adopted for stabilizing one 
or more environmental f actors, or to avoid them completely, depending upon 
the nature of the problem, the facilities available, and the degree of accuracy 
required. Apparatus of many sorts have been described, but most of them 
represent an accumulation of expensive equipment requiring shop tools and 
the services of specialized mechanics and skilled craftsmen for construction 
and maintenance. Many small laboratories wuth limited funds and person- 
nel, cannot afford the expenditure of more than a few hundred dollars over 
a period of years for temperature-control equipment. 

The purpose of this paper is to describe a refrigerated plant-culture 
chamber designed to meet the needs of small-scale greenhouse research. By 
taking advantage of local commercial refrigeration sales and service the cost 
may be held to a minimum without sacrificing aecuracj^ and efficiency. 

PRINCIPLES OP DESIGN 

Since sunlight, passing through glass, seemed to be the most practical 
means of illumination for growing plants in controlled environments, the 
chambers were designed for installation in a section of greenhouse with 
thermostatically controlled heat (Fig. 1). On a bright summer day, when 
greenhouse temperatures approximate 100° F., wuthout roof shade, the inside 
cabinet temperature of an unrefrigerated empty chamber may reach 150° F. 
If a cloud passes betw^eeii the sun and the chamber, the temperature in a 
well-ventilated greenhouse may fall several degrees but that of the unre- 
frigerated chamber may remain exceedingly high depending upon the effi- 
ciency of its insulation. Heat of radiation resulting from the sun ^s rays 
remains trapped within the insulated chamber, since little of it is conducted 
through well-insulated walls. This accumulated heat is of little importance, 
since it arises from surfaces heated by light rays. If surfaces within the 
chamber are reduced to a minimum and if these are leaf surfaces, as they 
should be, for optimum efficiency, the rate of radiation, convection, and 

1 Published with the approval of the Director of the Virgiuia Agricultural Experi- 
ment Station. 

2 Formerly Associate Plant Pathologist and Senior Agricultural Scientific Aide, 
respectively, Virginia Agricultural Experiment Station. The writers also wish to express 
their gratitude to F. A. Wolf, W. A. "Pitney and others for assisting in many ways. 
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aecumiilatioH of heat in a small plant-growing* chamber is not too great to be 
dissipated by ordinary refrigeration equipment. 

If air he passed across these leaf surfaces at low velocity, convected heat 
of radiation is easily swept aAvay where it may be cooled. Thus, if the design 
of a plant-growing chamber be such that a maximum working surface of 
leaf area is exposed to sunlight, together with a minimum surface of heat- 
absorbing structural materials, low-velocity air circulation may be employed 
with a minimum of refrigeration equipment. By reducing the non- working 



Fig. 1. A battery of 4 plant-culture chambers installed in the experimental green- 
house. Artificial illumination supplemented sunlight when necessary. The compressor 
assembly, dehydrator, shut-off valve, and solenoid stop valve, all in the small liquid” 
line, are shown in the foreground. (See Fig. 2.) 

heat-absorbing surfaces (exposed structural materials) in a chamber one 
may obtain also a better balance between chamber-air temperature and cool- 
ing-coil temperature, which facilitates more accurate control. 

The basic design for the chambers described in this paper, therefore, 
consisted of exposing plants to sunlight under glass and sweeping radiated 
heat away by low velocity air movement. The apparatus used and the 
results obtained are described below. 

MATERIALS AND METHODS 

Each insulated cabinet (I. C., Fig. 2) was constructed in two parts, the 
lower of wood, with cork insulation between the walls, and the upper of 
glass plates separated by an air space. The lower part of each cabinet 
(Figs. 2, 3) was provided with a ref rigerator door closing against two rubber 
gaskets. The interior of each box was lined with galvanized iron, soldered 
at the seams. A small drain pipe, soldered to the lining and extending 
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Fig. 2. Diagram of apparatus employed for the culture of seedlings and small plants in sunlight under controlled temperature 
conditions. A. C., air circulator j B, baffle ; C, condenser ; O. C., cooling coil ; Comp., compressor ; D, dehydrator in ^ ' liquid ^ ^ line (posi- 
tive pressure) ; G, glass; I. 0., insulated cabinet; P, pressure swtch in suction'' line (negative pressure) ; P. S., plant supports; 
T. 0., temperature controller; T. E. V., thermostatic expansion valve. 
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through the bottom, facilitated cleaning. It also relieved interior gas pres- 
sures caused by temperature changes or by opening or closing the door. 
Several hinged wing bolts, attached to the top of the box (Fig. 3), permitted 
secure fastening of the glass section. A rubber gasket between the box and 
the glass section insured a leak-proof union. 

The glass portion of the chambers was seated in rubber-filled channels 
in a wood frame. The plates of glass were cemented at the edges with water- 
proof show-case cement of suitable quality. Show-case clamps were used to 
hold the glass in place. The above method was adopted to minimize shading, 
which other more bulky structural materials would cause if used to hold the 


Pig. 3. Lower portion of insulated cabinet (I. C.) consisting of a metal-lined, cork- 
insulated, wooden box with, refrigerator type door. 

glass in place. Suitably placed holes in the wood frame supporting the glass 
permitted escape of air entrapped between the two glass walls. Tubes of a 
suitable drying agent connected to these small openings prevented moisture 
from collecting on the glass between the -walls in case a leak in the glass 
union should develop. 

The outside dimensions of the cabinets herein described were approxi- 
mately 48 in. long by 33 in. wide by 51 in. high. An unobstructed surface 
approximately 38 by 36 in. was available for plants growing in flats. By 
rearranging the plant supports (P. S., Fig. 2), potted plants up to 36 in. 
high coiild be introduced, though with some inconvenience. 

Iron grids, made in small sections for easy removal, 'were used to support 
the flats of soil or potted plants. The plants were introduced through the 
door of the chamber and raised into position on the grid. Space at each end 
of the chamber was kept clear to allow free eireulation of air against the 
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chamber walls. The success of this type of chamber depends upon the move- 
ment of large volumes of air at low velocity across all interior surfaces. 

The unassembled apparatus, used for controlling temperatures within 
each chamber, is shown in figure 4. A diagram of the assembled apparatus, 


Fig. 4. Refrigeration apparatus required for one plant chamber. C. C., cooling 
coil; T. E. V. thermostatic expansion valve with its power element; T. C., temperature 
controller ; S, solenoid stop valve. 

connected to the compressor unit, is shown in figure 2. A description of 
each unit of the apparatus follows : 

The condensing unit,^ or compressor assembly (ef. Fig. 2), used to oper- 

3 Model AFE-50, manufactured by Westinghouse Electric Company. 


4:72 


Phytopathology 


[VoL. 32 


ate all 4 chambers consisted of a compressor and a one-half horsepower motor 
hermetically sealed. The refrigerant employed was '‘Freon-12'' (difiuoro- 
dichloromethane, CP 2 CI 2 ). If the average refrigerant temperature used is 
40° F. and if the surrounding air temperature is 100° F., the above unit, if 
operated continuously, was rated at 7120 BTU an hour. This rating is 
equivalent to 1186 pounds of ice a day. 

Upon condensing the gaseous refrigerant in the condenser (C., Fig. 2) 
it was collected in receiver E, and held under pressure by means of suitable 
automatic values at S, and one within the compressor itself. A vacuum was 
thus established at valve P. 

A rise in temperature within the chamber caused the temperature con- 
troller bulb T. C. to close an electrical circuit that opened the solenoid stop 
valve S. Liquid refrigerant then passed from receiver R, through dehydra- 
tor D, into the thermostatic expansion valve T. B. V. This valve, operated 
by means of its power element, attached to the upper tube of the cooling coil, 
permitted liquid refrigerant to enter the bottom of cooling coil C. C. until 
the lowest temperature of the cooling coil reached a predetermined value. 
For ordinary work this valve was adjusted to close at a temperature above 
freezing, thus preventing frost from collecting on the coil and subsequent 
dehydration of the chamber air. By carefuUy adjusting the thermostatic 
expansion valve T. E. V., w^hen the chamber was in normal operation, sudden 
temperature changes were avoided, since the temperature of the coil could be 
regulated to slightly below that required for the chamber. Under ideal con- 
ditions this adjustment should operate the cooling coil at a temperature suf- 
ficiently below that of the chamber to compensate for heat loss through the 
chamber walls. If very low temperatures are required, the temperature 
difference between the coil and the chamber must be increased. The thermal 
stability of a well-insulated chamber, the door of which is opened infre- 
quently, is scarcely affected by external room temperatures when the coil 
temperature is balanced with the chamber heat loss. 

As refrigerant enters the lower part of the cooling coil it expands into a 
gas and cools the coil. As pressure is increased in the cooling coil, valve P 
is caused to close an electrical circuit which starts the compressor and 
reestablishes positive pressure at point S and negative pressure at P. 

A slow-speed air circulator A. C., operated b}" an induction motor, caused 
low- velocity air movement across the various surfaces within the chamber. 

Plumidifying and dehumidifying equipment of various sorts was used by 
placing the apparatus in the air stream on the bottom of the chamber be- 
tween the cooling coil and the rubber curtain baffle B. 

With the greenhouse temperature thermostat adjusted at 75° F., refrig- 
eration was required in all chambers operating below this level, while heat 
was usually required above this level at night and on cool, cloudy days. 
During periods of bright sunshine, and regardless of the greenhouse tem- 
perature, refrigeration was usually required in all chambers. By means of 
an auxiliary heater one chamber was operated very successfully at 105° F. 
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Kefrigeration was required in this chamber during part of the mid-day if 
bright sunshine prevailed. 

The cost of a single cabinet with all equipment was appx'oximately $200. 
The cost of the compressor assembly complete, was approximately $180. 
Power consumption during continuous operation Avas approximately 900 
Avatts an hour. 

RESULTS AND DISCUSSION 

Although the chambers described in this paper Avere exposed to sunlight 
as much as possible in a AA^arm greenhouse, temperatures of the air and soil 
Avere held to within approximately 2° or 3° F. of a fixed value. The range 
of temperature over Avhich these chambers were tested in full sunlight lay 
between 65° and 105° P. Somewhat higher or lower temperatures could 
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Eig. 5. Thermograph records of the sub-surface soil temperatures. A, 85° to 87° F. 
chamber; B, 65° to 67° F. chamber; 0, 27° to 29° F. chamber. The latter was adjusted 
nightly for a 14- to 15-hour low-temperature treatment. 

undoubtedly haA^e been reached. Figure 5, A and B, shows the thermograph 
record of two chambers operating under the above-described conditions. A 
third chamber, C, was adjusted to operate for a 14-hour period during the 
night at a temperature of between 25° and 27° F. In this chamber no at- 
tempt was made to regulate the upper (daytime) temperature except to pre- 
vent it from rising above 70° F. All three chambers Avere in operation con- 
tinuously over a period of many weeks. No attempt was made to regulate 
the greenhouse temperatures in which the chambers Avere located except to 
maintain a minimum of 75° P. and to provide ventilation on warm days. 
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Air temperatures, within the chambers, varied, depending upon the 
opening and closing of the temperature-controller switch. During periods 
of bright sunshine and intense radiation, the air temperature at a fully illu- 
minated soil surface was frequently as much as 2 or 3 degrees below the sub- 
surface soil temperature. During periods of cloudy weather or when none 
of the sun's rays reached the soil, air temperatures were slightly above those 
of the sub-surface soil layers. Excluding the rate of heat conduction 
through dry soils, it appears probable that heat exchange, between the soil 
surface and the air stream immediately above, is affected significantly by sur- 
face soil moisture and the amount of moisture in the air blanket immediately 
above. The use of an appropriate soil cover, such as ground cork, may prove 
useful in obtaining closer agreement between soil and air temperatures in 
this of type chamber. 

Growth of tobacco seedlings under three thicknesses of glass (two in the 
chambers and one in the greenhouse) did not seem to be as good as check 
plants grown on the greenhouse bench. While allowances were made for 
temperature variation, the quality of the foliage was noticeably different. 
By providing a longer day for the plants in the chambers, these differences 
were no longer apparent. The response of Burley and Turkish tobacco 
seedlings to the temperatures shown in figure 5, A and B, for a period of two 
weeks^ is shown in figure 6. The soils in which these seedlings were growing 
was infested with the black root-rot fungus, Thielaviopsis 'basicola (Berk.) 
Ferraris. One; Acid" soil (pH 5.1) and one ‘^neutral" soil (pH 7.3) was 
used for each tobacco variety grown at each temperature. This illustration 
shows the interesting relation between varietal susceptibility, and soil acid- 
ity, in a controlled environment. The Burley variety, Judy’s Pride, grew 
very poorly in the acid soil at 65° F., while the Turkish variety, Xanthi, 
made somewhat better growth. Similar relative growth was made by the 
two varieties at 85° F., although the Burley variety was more sensitive to the 
acid soil than was the Turkish variety. In neutral soil at 65° F., the Burley 
variety was attacked by the root-rot fungus and plant growth was reduced. 
The Turkish variety, being nearly immune from black root rot, made normal 
growth. At 85° F., the black root-rot pathogen was not a retarding factor 
of growth for either variety, although the retarding effect of soil acidity was 
quite apparent. 

During the construction and operation of these chambers the following 
improvements were suggested that seem worthy of recording: 1. The cham- 
bers might be located out of doors to avoid one thickness of glass, shading 
by roof rafters and supports, radiated heat from cement floors, soil benches, 
and the like. 2, The use of clear plastic materials as a substitute for glass 
would permit lighter construction, easier access to plants, and the use of the 
entire sun’s spectrum for illumination. 3. Built-in heating, humidifying, 
and plant watering devices. 4. Employment of a heat exchanger in each 
chamber of the type described would improve refrigeration efficiency. 

4 Twenty 'four seedlings, the largest leaves of which were one-half inch in diameter 
were spaced two inches apart in each flat. 




Fig. 6. Eesponse of 24 Burley (upper) and 24 Turkish (lower) tobacco seedlings after a 2-weeks exposure to tem- 
peratures approximating 85=^ and 65° F. N,"- neutral' ' soil ; A, "'acid" soil^ both infested with tobacco black root-rot 
fungus (TJuelaviopsis hasicola) . The largest leaves of each plant at the beginning of this experiment were one-half inch. 
Distance between plants was 2 inches. 
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SUMMARY 

Eefrigerated plant-culture chambers are described for use in full sun- 
light between temperatures of 65° and 105° F., and in darkness at tempera- 
tures as low as 25° F. 

Ordinary commercial refrigeration equipment, apparatus, and materials 
were employed for simplicity and economy. 

The accuracy of temperature control obtainable with the commercial 
equipment used was within 2° or 3° F. of that desired. 

The principle of design, adopted for these chambers, may be described 
as the movement of low-velocity air at a stated temperature across surfaces 
exposed to light radiation. 

Mississippi Agricultural Experiment Station, 

State College, Miss., and 

Virginia Agricultural Experiment Station, 

Tobacco Research Laboratory, 

Chatham, Virginia. 



CONTEOL OF SEEDLING DISEASES OF SUGAR BEETS 
IN MONTANA" 


M. M. Afanasievanb H. E. Moreis2 
(Accepted for publication September 4, 1941) 

Seedling diseases have considerable importance in the growing of sugar 
beets, especially on the heavy irrigated soils of Montana, Young beet seed- 
lings are usually attacked by different pathogenic organisms either at the 
time when they emerge from the seed balls or later wFen they have emerged 
above ground. 

Three more or less distinct types of seedling diseases of sugar beets have 
been described by Coons and Stewart (3). Seedlings with the first type of 
disease show a browning and blackening of the hypocotyl and root. The 
discoloration usually shows above the ground and the killing of the seedlings 
varies from fairly rapid to very slow. A plant may frequently show its 
hypocotyl completely blackened. The cotyledons, however, remain turgid 
and green and, on examination, the vascular region of the plant appears to 
be the only part not affected. Phoma hetae is chiefl}^ associated with this 
type of disease and is usually seed-borne. 

Seedlings affected by the second type of disease wilt promptly, but 
usually show no marked discoloration. Such plants are characterized by a 
browm decayed region in the root, and the central vascular region is discol- 
ored far in advance of the external lesions. The lesions have a water-soaked 
appearance in contrast to the dry, black areas typical of the first type of 
disease. Twenty-four hours after the first indication of wilting appears the 
seedling is almost completely decayed. Pythium spp. and also other soil- 
borne phycomycetous fungi are associated with this type of disease. 

In the third type of beet seedling disease, the leaves usually show a green 
or blue-green and the stem a lemon-yellow color. The seedlings grow slowly 
and, in general, show evidence of malnutrition. The taproot usually is found 
decayed at the tip, and rootlets appear, apparently, to replace the primary 
root. Ehizoctonia spp., which are also soil-borne, are chiefly responsible for 
this type of disease. 

Most of the beet seedling diseases occurring in Montana resemble more 
closely the first type, while the second and third types occur only to a limited 
extent. Up to the present, however, it has not been proved that only Phoma 
is responsible for seedling diseases in this State. 

Seedling diseases of sugar beets, at least from the standpoint of the 
causal organisms, usually are of a complex nature and often several organ- 
isms may be responsible for the disease. A slight difference in the composi- 

1 Contribution from Montana State College, Agricultural Experiment Station. Paper 
No. 151 Journal Series. 

2 The authors are indebted to Mr. Dan Hansen, Superintendent of the Huntley Branch 
Station and to Mr. Stephen H. Hastings, Principal Agronomist, Bureau of Plant Industry, 
U. S. D. A., for their interest in this study and for furnishing assistance and facilities 
during this investigation. 
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tion of the soil, its temperature and other factors may be responsible for a 
variation in the pathogens responsible for diseases of crops (7). 

The seedling-disease problem is complicated by the fact that it is rather 
diflaeult to isolate from seedlings of the sugar beet the organism mainly 
responsible for the diseases. Usually there are present, with the primary 
organisms, secondary ones that grow much faster on ordinary media used 
for isolations than do the pathogens responsible for the disease. Coons and 
Stewart (3) found the same difficulties in obtaining isolations of the patho- 
gens responsible for seedling diseases. Numerous isolations from diseased 
seedlings in Montana were made and the results of the detailed studies on 
them will be reported in a subsequent paper. 

Previous investigations of seedling diseases of sugar beets conducted in 
the rotation plots at the Huntley Branch Station, in Montana, indicated that 
the occurrence of these diseases is closely associated with the productive 
power and physical conditions of the soil, and with the other ci'ops grown 
in the rotations. Weather and many other factors also may have their effect 
on the diseases. 

SOIL AND SEED SANITATION 

Soil and seed-treatment experiments were conducted in 1939 and 1940 
at the Huntley station to secure additional data on the relationship between 
occurrence of seedling diseases of sugar beets and their environment and, 
also, to develop measures for the control of these diseases. 

The land selected for the experiments had been alternately cropped for a 
number of years with barley and sugar beets, and was so depleted of its 
fertility that, in 1938, only 6.76 tons of beets per acre were produced. 

Seed Treatments 

To study the effect of disinfectants on the control of seedling diseases, 
one 20-lb. lot of sugar beet seed was treated with 4 oz. of Ceresan and another 
20-lb. lot with 1 oz. of New Improved Ceresan by thoroughly mixing the dis- 
infectants and seeds in a closed container. 

Soil Treatments 

The soil amendments were nitrates (N), phosphates (P), manure (M), 
and lime (Ca(OH) 2 ), applied in the following combinations : 

N 

1. NPM; 2. ^PM. Ill this treatment half of the nitrates were applied 

at the time of planting and the other half as a side dressing immediately 

N 

after thinning. 3. NP; 4, ^P. Nitrates were applied in the same way 
N 

as in 2. 5. — P. In this treatment, one- third of the nitrates were applied 

, o 

at the time of planting, one-third as a side dressing immediately after thin- 
ning, and the remaining one-third about a month later.- 6. MP ; 7. N; 8. 
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F; 9. M; 10. Ca(OH) 2 ; 11. NPM-f Ca(OH) 2 ; 12. NP-hCa(OIi) 2 ; 13. 
N + Ca(OH) 2 ; 14. P-f Ca(OH) 2 ; 15. M + Ca(OH) 2 ; 16. Check. 

In both years the nitrogen used was in the form of CaCNOpJa, which was 
applied at the rate of 250 lb. per acre, and contained 38.75 lb. of N, while 
the phosphorus was a treble superphosphate for which the application rate 
was 175 lb. per acre, containing 80.50^ pounds of P 2 O 5 . Lime in the form 
of Ca(OH )2 was used and applied at the rate of 1000 lb. per acre. In 1939 
manure was applied on the basis of 14.75 tons per acre, and, in 1940, on 
the basis of 22 tons per acre. 

Soil treatments were used in 3 randomized replications, so that, alto- 
gether, there Avere 48 individual plots, each consisting of 3 randomized rows 
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Fig. 1. The percentage of theoretical stand/ton yield, and percentage of seedling 
diseases of sugar beets obtained from soil and seed-treatment experiments conducted in 
1939 at Huntley (Montana) Field Station. 

of beets, 125 feet long. One roAV Avas planted with seeds treated with 
Ceresan, another Avitli seeds treated with New Improved Ceresan, and the 
third with untreated seed. One buffer roAA" Avas planted between each 3-row 
plot. 

Preparation of Land 

The land was ploAA’^ed in the fall of 1938, double-disked and harroAA’'ed in 
the spring of 1939, after which lime and manure were broadcast and the 
soil Avas cultivated. The rows Ayhere sugar beets AA^ere to be planted were 
marked, and treble superphosphate and calcium nitrate were applied by 
hand in strips 3 to 4 inches Avide in the center of these rows; these strips 
Avere lightly cultivated and the rows seeded. The same procedure was fol- 
s ^(leording to the guarantee by the manufacturer. 
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lowed for the 1940 crop as in 1939, except that manure was applied in the 
fall of 1939 just before plowing. A Planet Junior hand planter was used 
for seeding in 1939 and a regular beet planter in 1940. The early part of 
the spring of 1939 was so dry that it was necessary to irrigate all beets before 
emergence. Later, however, there was abundant rain (7.5 inches) between 
May 20 and June 20. In 1940 there was sufficient spring rainfall to make 
early irrigation unnecessary. 

Disease Readings 

Sugar-beet seedlings in large numbers were examined for disease in 1939 
and 1940 when the plants were in about the six-leaf stage, when beet-seedling 
diseases usually are at their maximum intensity. Preemergence diseases 



Fig. 2. The percentage of theoretical stand, ton yield, and percentage of seedling 
diseases of sugar beets obtained from soil and seed-treatment experiments conducted in 
1940 at Huntley (Montana) Field Station. 


usually were responsible for only a slight loss. At harvest each row was 
dug, its tops and roots were weighed separately, and disease readings re- 
corded. The results of the disease readings and the yield and stand for 
each individual soil and seed treatment for 1939 and 1940, respectively, are 
shown in figures 1 and 2 and tables 2 and 3. The data represent the aver- 
ages of 3 replications. 

EXPERIMENTAL RESULTS 
Seed Treatments 

The seed treatments (Table 1) had but slight effect on the seedling dis- 
eases, on the yield or on the stand of the sugar beets as compared to the 
check. 
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TABLE 1 . — The average results from the different seed treatments on all Uncls of 

soil treatments in 1933 and 1940 


Seed treatments 

Seedling diseases 

Yield 

Stand 

19B9 

1940 

1939 

1940 

1939 

1940 

Geresaii 

]S[. I. Ceresan 

Check 

Per cent 
38.9 
38.4 
46.8 

Per cent 
40.9 
41.6 
41.8 

Tons 

11.30 

11.10 

11.70 

Tons 

12.92 

13.03 

13.38 

Per cent 

96.6 

97.5 

99.1 

Per cent 

105.9 

106.4 

105.2 


The Effect of Soil Amendments, Singly and in Combinations, on the 
Amount of Seedling* Diseases, Yield, and Stand of Sugar Beets 

Sugar beets planted in plots treated either with nitrates or phosphates, 
separately or in combinations with Ca(OH) 2 , had a considerable amount 
(av. 40.5 to 48.6 per cent) of seedling diseases, fair yields (av. 8.2 to 11.3 
tons) the lowest being in the plots treated with nitrates alone (av. 8.9 tons) 
and in combination with Ca(OH )2 (av. 8.2 tons), and, in general, they 
produced relatively poor stands. 

Four different plots were treated with equal amounts of nitrates and 
phosphates, the only difference being in the method of applying the former, 
while one of the plots also had an application of Ca(OH) 2 . The amount 
of seedling disease in these 4 plots in 1939 and 1940 was highest (60.7 and 
34.9 per cent) in the plots where all nitrates were applied at seeding time 
while the lowest (22.2 and 26.8 per cent) followed use of nitrates in com- 
bination with Ca(OH) 2 . In both years, less disease was recorded in plots 
in which nitrates were divided into 2 applications (29.2 and 28.6 per cent) 
than in those with 3 applications. In the latter the percentage of seedling 
disease (42.8 and 34.9 per cent) closely approached that of the plots in 
which all the nitrogen was applied at seeding time. All of these plots 
showed less disease than did those to which nitrates and phosphates were 
applied separately. There was little variation in yield and stand in these 
plots in both years, but they were slightly higher than those where either 
nitrogen or phosphates were used alone. 

Sugar beets grown in the plots treated with manure, manure and 
Ca(OH) 2 , and manure in combination wuth phosphates showed a consider- 
able amount (average 45.5 to 49.1 per cent) of seedling diseases in both 
years. The yields and stands in 1940 w^ere considerably higher than those 
in 1939. 

Sugar beets in plots treated with either a combination of nitrates, phos- 
phates and manure, or this combination with Ca(OH) 2 ; or with nitrates, 
phosphates and manure, where the nitrates were divided into two applica- 
tions, manifested the minimum of seedling disease (av. 21.0 to 27.1 per cent), 
the highest yields (av. 15.3 to 16.7 tons per acre) and a very good stand 
of beefs of all treatments in both years. The yields of nearly all these plots 
in 1940 were considerably higher and the amount of disease considerably 


crimenU with suffar heeis showing the amounts of seedling diseases, theoretical stand, and yield per aore^ 
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a All figures represent averages of three replications, 
b Based on stand of 26jl36 per acre. 



TABLE Z.— Experiments with sugar heets showing the amounts of seedling diseases ^ theoretical stand, and yield per acre 

1940 


1942] Afanasiev and Morris : Control op Beet Seedling Disease 483 



Tti 

cq 

hH 

CM 

(M b- CD (M CM Tfl ■rtl 0 CO 01 in 

cd 

cd 

rH 

cd 

H 

<35 b- CM d b- b- d id 00 d 

r-i 

0 

rH 

0 

0 

0 0 O’ rH <35 0 0 05 0 rH 0 

tH 

rH 

rH 

rH 

rH 

rHrHi — irH rHrH rHi — li — ! 

(35 

C35 

b- 

05 

DO 

05 CO iO CO CO CM CD r-i r,-'- 

0 

CO 

tr 

cd 


cd rH 05 cd rH rH cd <35 cd rH O’i 

rH 



0 

0 

rHOC5OOOO00OrHO 

r~1 

rH 

tH 

rH 

rH 

rHrH rrrHrHrH rirHi — 1 

CM 

in 

0 

in 

in 

m CO t>- 0 DO rH CM CO b- b- CO 

id 

00 

CO 

CO 

cd 

'>:*) CO CO oi d d t-- cd d id t-- 

rH 

0 

r—i 

0 

0 

OrHOrH05rHOOOOrH05 

rH 

rH 

rH 

rH 

rH 

t-HtHt — I rH rHrH rHrH^ 

rH 

C35 

CM_ 

00 

00 

cq iq cq rH 05 b; <35 0 (M cq cq 

'HI 

id 

rH 

00 

Hii 

05 06 H d cd d CM* CM cd CM rH 

rH 

0 

rH 

0 

0 

OOOrH(35rHO(35COrHO 

rH 

rH 

rH 

rH 

rH 

rHrHrHrH rHrH rHrHrH 

CO 

CO 

rH 

iO 


CM(MCMrH'rtC<50 00 0 05 00 b- 

Oi 

00 

0 

00 

(35 

in 05 05 rH 0 b; CD b; cq cq hH 

06 

cd 

CO. 

rH 

cd 

dcdddoidcMb^cMdb^ 

rH 

t-H 

rH 

rH 

rH 

tH rH rH rH rH rH rH 


00 DO CO 


O Oi O O OO b- CM C£5 CO 


O 05 01 IfD tH (M C51 CO tH 
rH r-J O CO CO CO 05. lO CO 

rA th 00 CO oi t-‘ oi id i> 


CO COCO!MC5 00C5000'^000 
CM CO CO c<j CO c>- oq <>: io rti i>- 
CO cdcdiHcdt^b^C^OOrHt^id 


05 cq rH rH O CM t-. CO cq cq uq CO 
xH o CO 00 id cd CM cd‘ rH o oLd 
CO iOxH'^'^COiOICMxlliOlQt'- 


CM t>C000C5CMC0OC0C0CO05 

05 cdocdcdididb^cd'cticdoo 

DO iO '5*1 xtf in CM CM 'Cji iO) b- 


CO t> tH C01 tH rH rH cq cq cq cq (35 

rH ed (35 cd id tH cd id ■'d t-d cd 

DO in 'cji CO ico b- 


int^COrH'*;*HT*lO(MCq'5*HiH 

'!*i id tH cd (35 tH id id tH cd Tin 
^ in ■':*i CO CM CM Tti in in b- 



I I i ; I I M i ; 

i I 1 i I ■ M r I ^' 5 'oWKg i 

i ( i I I M i i-o^SoS : 

■ WH : i : 5 i td ■+■ O ci ri5 C^ ' 

a ^ ^ ^ :oa+'S6u'g 

g fL fM p' Pm ■ • ' S PL, + + + 2 


a All figures represejit averages of three replications, 
b Based on stand of 265 136 per acre. 


484 Phytopathology [Vol. 32 

lower than in 1939. The stand of beets -was just about the same in both 
years. 

Sugar beets, grown in the plots treated with Ca(OH) 2 , showed, in both 
years, a very high amount of seedling disease, low yields, and relatively low 
stands. When identical plots, treated with Ca(OH )2 are compared with 
those receiving no treatment, the 1939 results show that sugar beets planted 
in the plots treated with lime had considerably less seedling disease than 
those in non-treated plots, but in 1940 there was very little diiference in the 
percentage of such disease in all plots. The yield and stand of beets, how- 
ever, were about the same in both years for the plots treated and non-treated 
with lime. 

Lime was added with some of the soil amendments, because the heavy 
clay-loam soil of the Huntley area is essentially free of carbonates. The 
lime w^as applied to improve the physical conditions of the soil, thus making 
it more porous, giving better aeration, and facilitating greater microbiologi- 
cal activity, including nitrificaton. Lime added to the soil also may serve 
as a readily available source of calcium. 

The check plots show^ed the highest percentage of seedling disease (av. 
75.4 per cent), lowest yields (av. 6.9 tons), and stands of all plots used in 
both years. The percentage of seedling disease in the check was several 
times higher than in the plots with the best soil treatments. 

Those plots receiving the most nearly complete soil amendment each year 
showed a tendency toward a decrease in percentage of seedling disease and 
an increase in yield in 1940, as compared with 1939. The check plots, the 
plots treated with Ca(OH )2 only, and those given a single soil amendment 
showed, in general, an increase in seedling disease. Contrary to expecta- 
tion, there was a slightly greater increase in yield and in stand in 1940 than 
in 1939. There undoubtedly are present two parallel and hardly separable 
effects of fertilizers on sugar beets, one on the control of the seedling dis- 
ease of beets and the other on the yield. 

In the type of root rots occurring in Montana, although many of the 
diseased seedlings recover, there usually is a high mortality. Damage to 
the crop, therefore, results hot only from reduced stand, but to some extent 
from retarded growth of plants of low vigor. In spite of a comparatively 
good stand of beets in the plots showing an abundance of seedling disease, 
the yields of these plots were poor because of small beets. 

niscussiONr 

An analysis of the results of these experiments indicates that certain 
conditions characterizing these heavy Montana soils are responsible for the 
occurrence of these root rots of sugar-beet seedlings. It is evident from the 
2 years ^ results that the plots receiving the most complete and balanced soil 
amendments produced the minimum of diseased seedlings, the largest yields, 
and, comparatively, the best stands. The fact that the seedling root rots 
can be controlled by an application of a complete and balanced fertilization 
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shows that the disease factor itself is not the most important, but that the 
soil conditions are of first significance. The only exception seems to be in 
the case of the plots treated with manure, and with manure and phosphates, 
which, in spite of a considerable showing of seedling disease, yielded well, 
especially in 1940. This apparently contradictory situation may possibly 
be explained on the basis that sugar beets require a generous amount of 
easily available nitrogen in their early stage of development. Manure, with 
potentially a large supply of nitrogen, may have only a small part of it in 
nitrate form at the time of the early development of the beets. Soil tem- 
peratures are not then favorable for nitrification ; so there may be a defi- 
ciency in nitrates, even in the soils sufficiently fertilized with manure. Later 
in the season, with increase in nitrification, the beets, even if affected with 
root rots, will have a better chance of survival and a more normal develop- 
ment than beets grown in soils of low fertility. 

It is well known that sugar beets depend for their growth on a large 
amount of easily available nutrients; that the feeding area of beet roots in 
their early stages of development, both horizontally and vertically, is rather 
limited (10), that beet seedlings, up to the 6-leaf stage are very susceptible 
to seedling diseases, and that they later become more resistant (4, 5). This 
resistance, in a broadly interpreted sense of the term, is possibly attributable 
to the fact that as soon as the sugar beets increase their root systems and, 
consequent!}^, their feeding areas, more nutrients are absorbed. In well- 
fertilized soils there are adequate nutrients for the young beets, conse- 
quently, they are resistant to root rots at a very early stage as compared 
with beets grown in soils of low fertility. Indications are that development 
of black root of sugar beets is facilitated by soils of low fertility with a small 
amount of easily available nutrients. Weather and many other factors also 
may influence these diseases, but it seems that soil nutritional factors have 
the greatest effect on the occurrence of certain soil-borne diseases of plants, 
a fact emphasized by several investigators (1, 2, 8, 9). 

Furnishing readily available plant food to the young sugar beet while 
it is becoming established and its root system is small, appears to be a sig- 
nificant factor in making the plant more resistant to the invasion by some 
soil or seed-borne pathogens. Proper and complete soil fertilization also 
may affect the root-rot organism or organisms of young sugar beets. San- 
ford, in his studies of Bhisoctonia solani (6), reports that there is evidence 
indicating that conditions favorable to marked vegetative growth of the 
pathogen tend to depress its virulence. 

It is quite possible that the pathogenicity of the root-rot fungus or fungi 
is noticeably less in soils well supplied with nutrients than in those poorly 
supplied. It is also possible that soil containing a considerable amount of 
nutrients stimulates the development of saprophytic soil organisms, which, 
through competition, may reduce the number of parasitic organisms in the 
soil. , 
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SUMMARY 

Seed treatments alone were found to be only slightly beneficial in con- 
trolling seedling diseases of sugar beets. 

Soil treatments, regardless of seed treatments, proved highly important 
to the control of seedling diseases of sugar beets. 

Plots with the most complete soil treatments, namely NPM, ^PM, ^ P 

ii 2 

NPM-i-Ca(OH)2 and NP-!-Ca(OH)2 produced the minimum of seedling 
disease, and the highest yields and stands. 

N 

Plots treated with NP, — P, and MP had fairly good yields and stands, 

O 

3^et had considerable amounts of seedling diseases. 

The plots with unbalanced soil amendments (N, P and M), all showed a 
high amount of seedling disease ; the yields and stands also were poor, except 
for plots treated with manure. 

Check plots and those treated only wdth Ca(OH)2 had the highest 
amounts of seedling diseases and poorest yields and stands. 

Seedling diseases of sugar beets in heavy, irrigated Montana soils can 
be efficiently controlled and at the same time good stands and high yields 
of sugar beets obtained by creating conditions that will promote a rapid 
and healthful development of young sugar beets through sufficient and 
balanced fertilization and improvement of the physical condition of the soil. 

Department of Botany and Bacteriology, 

Montana Agricultural Experiment Station, 

Montana State College, 

Bozeman, Montana. 


literature cited 

1. Carpenter, C. W. Predisposing factors in Pythium root rot. The Hawaiian Plant- 

ers •’ Eecords 38 : 279-339. 1934. 

2. Cooke, D. A. The relation of Pythium to growth failure on phosphate fixing soils. 

Proceedings Assoc. Haw, Sugar Tech., pp, 169-178. 1933. 

3. Coons, G. H., and Dewey Stewart. Prevention of seedling diseases of sugar beets. 

Phytopath. 17: 259-296. 1927. 

4. Grooshevoy, 8. E. Boot rot disease of the seedlings of sugar beet. Proc. Exper. 

Select. Stat. Mironovka, KieJT, pp. 1-49. 1931. In Russian. English summary. 
Abstract in Rev. Appl. Mycol. 11 : 760. 1932. 

5. Nuckols, S. B., and C. M. Tompkins. Delayed thinning as a means of controlling 

damping-ofi of sugar beets. (Abstract) Phytopath. 19; 95, 1929. 

6. Sanporo, G. B. Studies on Bhisoctonia solani Kiihn. V. Virulence in steam steril- 

ized and natural soil. Can. Jour. Res. C 19; 1-8. 1941. 

7. Vanterpool, T. C. Some species of parasitic on wheat in Canada and 

England. Ann. Appl. Biol. 25: 528-543. 1938. 

8. _ Studies on browning root rot of cereals. VI. Further contri- 

butions on the effects of various soil amendments on the incidence of the disease 
in wheat. Can. Jour. Res. C 18: 240-257. 1940. 

9. Walker, J. C., and F. L. Musbach. Effect of moisture, fertility, and fertilizer place- 

ment on root rot of canning peas in Wisconsin. Jour. Agr. Res. [U. S.l 59 : 579- 
590. 1939. 

10. Weaver, John E. Root development of field crops. MeGraw-HilP Book Company, 
Inc. (New York.) 1926. 



NOTES ON CLITOCYBB BOOT EOT OF BANANAS AND 
OTHBE PLANTS IN FLORIDA 

AethurS. Bhoabs^ 

(Accepted for publication September 9, 1941) 

This paper presents an account of the occurrence of Ciitocybe root rot 
of bananas in Florida, an abstract of which was published in 1932 (6) , and 
also records the extreme destructiveness of this disease on other exotic plants, 
chiefly subtropical, on the same property on which it proved so destructive 
to bananas. 

On January 24, 1931, the writer visited a property at Artesia, Brevard 
County, Florida, to investigate a suspected case of Ciitocybe root rot of 
banana plants. An inspector of the State Plant Board had previously col- 
lected and sent for diagnosis the base of one plant to the Florida Agricul- 
tural Experiment Station at Gainesville. This property is located between 
Cocoa Beach and Canaveral on the barrier reef along the Bast Coast. The 
soil is Palm Beach sand, and, prior to clearing, was covered with a dense 
hammock forest in which live oak trees were predominant. Although the 
land had been cleared for several years, many oak roots had been left in it 
and the situation was a very favorable one for the development of the Ciito- 
cybe root-rot fungus. 

Several banana plants of 3 varieties were found attacked by the disease 
in question. An examination of the interior tissues of the bases of the 
attacked plants revealed an unusually luxuriant development of the charac- 
teristic whitish mats of mycelium and rhizomorphs of the fungus permeating 
not only the fibrous tissues of the corm but also the base of the pseudostem 
(Figs. 1 and 2) . The remains of an old cluster of the toadstools of CUtocyle 
iabescens (Scop.) Bres. were found at the base of one of the attacked plants. 

Peeling off the outer dead leaf bases of attacked plants immediately dis- 
closed the extent of the invasion of the bases of the pseudostems by the 
fungus. All the attacked plants examined were characterized by a watery, 
dark-brown zone involving the basal portion invaded by the whitish rhizo- 
morphs and extending upward for some distance beyond the general level 
of the invaded portion in a series of irregular streaks (Fig. 2). This basal 
discoloration of the pseudostem ranged from a few inches to about a foot 
in height. 

In dissecting attacked plants by carefully peeling off the fleshy leaf bases 
many varying and intricate patterns of rhizomorph formation were appar- 
ent. These not only penetrated the spongy, septate tissues of the succulent 
leaf bases but frequently grew out through the surface and developed be- 
tween the compact concentric arrangement of leaf bases composing the 
pseudostem. They ranged from numerous, more or less branching thread- 

1 Formerly Plant Pathologist of the Florida Agricultural Experiment Station, in 
charge of the Citrus Field Laboratory at Cocoa. 
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r^'n section through eorm arid base of pseudostem of banana plant 

il r a®* showing whitish mycelial mats and rhizomorphs 

irregularly distributed throughout the tissues. 
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Fig. 2. Base of pseudostem of ’banana plant recently killed by Clitocybe root rot, 
with outer leaf bases peeled off, showing the watery, dark-brown zone characterizing the 
portion invaded by whitish I'hizomorphs of the fungus and extending upward in a series 
of irregular streaks. 
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like rliizomorplis to sometimes greatly broadened, irregular, thallus-like, 
whitish rhizomorphic sheets with the margins dividing into a series of sim- 
ple or branehing, thread-like rhizomorphs (Fig. 3, A). Sometimes the 
broad thallus-like rhizomorphs were irregularly lobed and, particularly 
where of recent growth, had developed little or no thread-like branching 
from the margins (Fig. 3, B). The broad, thallus-like type of rhizomorphs 
sometimes exhibited a peculiar perforate character, which is apparent in 
figure 3. The reason for this character is unknown, but it has been observed 
frequently in mycelial sheets of C. tahescens developed between the bark and 
wood of a wide variety of hosts, including both hardwood and coniferous 
trees, and appears to be a characteristic feature of this fungus. The rhizo- 
morphic strands and sheets thus developed in and between the banana leaf 
bases were essentially counterparts of the same structures commonly pro- 
duced in luxuriantly growing flask cultures of the fungus. However, ac- 
cording to extensive observations over a period of several years in various 
parts of Florida, the black, rounded or flattened, cortical and hypogeal rhizo- 
morphs, so commonly produced by the closely related Armillaria mellea, are 
not pi’oduced by C. tahescens. 

Pure cultures of C. tahescens were isolated subsequently from the inte- 
rior tissues of each of two different plants. Subcultures of these were car- 
ried to fruition in comparison with isolations of this fungus from various 
other plants attacked by Clitocybe root rot, including some from the same 
property. 

Upon transmitting to Gainesville specimens and the results of his find- 
ings, the writer was informed that a specimen of banana plant with the same 
trouble had been received from Nocatee, DeSoto County, Florida, on Decem- 
ber 12, 1929, though it had not been so identified at the time. A portion of 
the latter specimen had been preserved, so that it was available for compari- 
son. Unfortunately, however, no record was made of the name of the person 
who sent this specimen ; otherwise a special effort would have been made to 
visit this property. On May 18, 1934, Mr. Brdman West, Mycologist of the 
Florida Agricultural Experiment Station, collected at Gainesville a speci- 
men of Orinoco or ^ ^ horse banana, which he found attacked by Clitocybe 
root rot. This occurred in the yard of an apartment house where loquats 
and poinsettias in the same vicinity had died previously, presumably from 
the same trouble. 

On September 1, 1931, Clitocybe root rot was found to be spreading on 
the banana plants at Artesia. A number of attacked plants were dug up 
for examination and all exhibited the same characteristic symptoms as those 
examined in January. A miniature cluster of young sporophores was found 
developing under the outer leaf base at the base of one plant. This was an 
exact counterpart of those that had developed on many occasions in cultures 
of the fungus from various sources. The stump of this plant was trans- 
ported to Cocoa to see if further growth of the sporophores could be induced, 
but they shriveled after a few days. 
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In elieekiiig over the banana mortality with the grower, it was estimated 
that he had already lost one stool of the Cavendish or Chinese {Miisa caven- 
dishii Lamb), 4 of the Hart^s Choice or Lady Finger (Jf. sapienhim, var. 
Champa Baker), and 4 or 5 of the Orinoco or '‘horse’’ banana {M. para- 
disiaca L.) . These were all planted close together. The grower stated that 
he also had lost a stool of the Red Jamaica variety, planted some distance 
away; but, since this had been removed and destroyed, it wms impossible to 
verify this instance as an additional case of root rot. An investigation of 
the mode of spread of the disease show^ed that when plants became infected 
the fungus gradually spread through the conns and up first one shoot and 
then another, even attacking shoots but 2 to 3 feet high, and eventually kill- 
ing the enthe stool. Cultures of C. tahescens were isolated from the interior 
tissues of a dead 3mung sucker of Hart’s Choice banana and carried to 
fruition. 

Unfortunately, banana plants on which inoculation experiments could 
be performed wdth pure cultures of Clitocy'be tahescens associated wdth the 
conn rot here reported were not available. How^ever, extensive experience 
with the destructive nature of this wddeh^ distributed parasite, both on the 
property at Artesia and those at numerous other points in Florida, leave 
no doubt about this fungus being the cause of the disease reported. In fact, 
the wTiter (7, 8) has produced infection and death of Australian pine 
{Casuarina eqiiisetifolia) ti*ees in Florida through inoculations with pure 
cultures of this fungus, and Plakidas (5) has done likewise with pineapple 
pear trees in Louisiana. 

Since the observations here reported were made, the occurrence of a corm 
rot of bananas, due to Clitocy'be sp., has been reported from New South 
Wales, Australia. In 1934, Noble (3) mentioned dry rot {Clitocyhe sp.) as 
one of the diseases affecting Cavendish bananas in newly cleared lands, 
though in a previous report (2) he stated that "Banana root rot {Armillaria 
mellea) was reported in some areas.” In a list of plant diseases recorded 
in New^ South Wales, prepared by him and others (4, p. 27), both diseases 
are listed as occurring on banana. Armillaria mellea is follow^ed by the 
notation "Root Rot. 1917. N. Coast,” while Clitocyhe sp. is follow^ed by the 
notation "Corm Rot. 1929. N. Coast.” Whether both root rots of banana 
occur or the disease was first attributed to Armillaria mellea and later to 
Clitocyhe sp. is not clear. 

A brief account of corm rot of bananas was given in the following year 
by Magee and Eastwood (1), who state that it has been known for some 
years but has become of greater importance with the extension of banana 
planting to hardwood forest lands. The disease is said to be encountered 
but rarely in scrub lands (brushwoods), but, in forest and bastard scrub 
country, up to 300 to 400 stools have been lost at times in a 10-acre planta- 
tion. Corm rot is considered to be primarily a disease of new plantations 
on recently cleared land. The Australian disease results in a "dr^’^ brown 
corm rot, with white fungous threads interwoven throughout. ” The symp- 
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toms of tlie plant decline are described and appear to agree closely witli 
those of the banana root rot here reported from Florida. A species of ClUo- 
cyhe is said to be one of the most commonly associated parasites, but, ainfor- 
tnnately, the species was not determined — a point of vital interest. So far 
as the writer knows, C. tahescens has never been reported as occurring* in 
Australia. 

The owner of the property at Artesia, who had an ornamental nursery 
and a collection of miscellaneous trees, including several rare subtropical 
ones, proved to have had considerable experience with plants. Upon being 
informed as to the cause and nature of the disease attacking his bananas on 
the occasion of the writer’s first visit in Januar}^, 1931, he mentioned that 
he had lost an apple and an apricot tree some time before, due, he thought, 
to borers. The apple tree was 5 years old from the seed and the apricot 
tree was a budded one purchased from a nurseryman 4 years previously. 
They were near each other and about 200 feet from the attacked banana 
plants. Upon examination, both showed the characteristic mycelial sheets 
of the Clitocybe root rot fungus between the bark and the wood at the base 
and were dug up for cultures. C. tahescens w^’as isolated subsequently from 
the apple tree and carried to fruition, but was not secured from the apricot 
tree, as it w^as pretty well desiccated. The writer was then informed that 
a guava {Psidiuni giiajava) and a Java-plum (Eugenia jamholana) also had 
died. The latter had been cut off, but the stump remained. Upon examina- 
tion, it was found that both trees were attacked by Clitocybe root rot. 

On the occasion of the writer ’s second visit in September, 1931, the dis- 
ease had spread to the one remaining trunk of the guava clump that was 
found partly dead in January. This appeared quite healthy and had a fair 
crop of fruit nearing maturity. However, examination of the base revealed 
the characteristic development of the Clitocybe root-rot fungus under the 
bark, encircling the trunk up to a point about 18 inches high, where the 
trunk forked, and continuing up one division to a point 2 feet high. The 
invaded bark at the upper limit of the lesion was characterized by a slight 
sunken condition, which demarked the progress of the disease. While the 
life of this trunk did not appear to be affected, the top waited and died 
shortly thereafter. 

A large specimen of the trumpet-tree (Cecrojna palmata) also was found 
attacked by Clitocybe root rot. The top was in good condition, but the 
fungus had invaded the bark of the trunk and the roots at one side of the 
base. The grower had recently cut away the dead bark at the base and had 
removed a large dead lateral root that remained lying by the tree. This 
root had an abundant development of mycelium under the bark, resulting in 
a soft white decay of the delignifying type. Another smaller specimen of 
trumpet-tree, planted in another portion of the property, also was found to 
have been killed by root rot. 

A magnificent example of rose-apple (Eugenia jamhos) sTbo was found 
to be attacked by Clitocybe root rot. A small bark lesion occurred at one 
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side of the base of the trunk and the removal of the soil at this point dis- 
closed a large dead lateral root. The bark of both contained a luxuriant 
development of mycelium. 

The grower stated that about 2 months previously he had removed a 
eherimoya {Annona cherimola) and a soursop or guanabana (Afinona muri- 
cata) , both of which apparently had died from the same trouble. The places 
where these trees had been dug out were between 7 and 8 feet apart and 
both were on a 20-foot radius from the infected rose-apple. The grower 
recalled that about 2 years before he had removed another eherimoya tree, 
growing about 8 feet from the other. It was learned that the trunks of 
both the eherimoya and the soursop trees, which had been removed 2 months 
before, had been dumped into a nearby ditch. The abundant development 
of the characteristic mycelial sheets of the Clitocybe root-rot fungus, found 
under the bark of the roots of both these trees, was convincing evidence that 
they also were victims of this destructive root-rot fungus. At another point 
on the property a third eherimoya tree, which had died recently from the 
same trouble, was found. This tree had a bark lesion all around the base 
and, when dug up, the bark of this lesion and that of the entire root system 
was found invaded by mycelium. C. iabescens was isolated from the roots 
of this tree and also from a rose bouquet (Domheya pimctata) bush that had 
died from root rot on a neighboring property and carried to fruition in each 
case. Before leaving this extremely interesting property a young Abun- 
dance plum, a large Woodland Margaret rose on its own roots, and a hibiscus 
{H. rosa-sinensis) bush also were found to have succumbed to Clitocybe 
root rot. 

On August 3, 1932, another visit was made to this property and several 
new plants were found to be attacked by Clitocybe root rot. Among these 
may be mentioned a Mexican guava (Psidium molle) and a Java-plum 
(Eugenia jamholana) , both of which had been dead a few months, as well as 
a large Catalonian jasmine (Jasminum grandiflorum) vine that recently had 
shriveled and died. A 7-inch Carolina laurel cherry (Laurocerasus caro- 
liniana) but a foot away from this jasmine next attracted the writer's atten- 
tion by reason of a profuse basal gumming that extended about two-thirds 
around the trunk. The dead area of bark, apparent on one side, showed the 
development of the Clitocybe root-rot fungus. A few feet distant another 
Carolina laurel cherry of the same size was found with identical symptoms. 
The root rot had not progressed sufficiently in either ease to affect the tops 
of these trees. In another part of this small property a sapodiUa (Achras 
sapoia) found to have shriveled without loss of the foliage at about the 
time the fruit was maturing. This tree was dug up for examination and 
nearly all the larger roots were completely invaded by the mycelium of the 
Clitocybe root-rot fungus. 

A physic nut (JatropJia curcas) also was found completely girdled by 
the same fungus, with the bark dead up to an average height of a foot, at 
which point a pronounced callus formation had developed at the lower mar- 
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gin of the bark remaining alive. The top of this tree was still living but 
had comparatively few leaves remaining. The grower reluctantly permitted 
this tree to be dug up. It was found to have a twin tap root, one division 
of which had a luxuriant development of the Clitocybe root-rot fungus under 
the bark. A few concentric and occasional radial cracks occurred in the 
wood of this root, into which sheets of mycelium had grown. Where the 
side of the other division of the taproot was in contact with this dead one 
the bark w^as found to have become infected — a typical case of the spread of 
this root disease by contact of a sound root with an infected one. Some of 
the lateral roots also were found attacked by the root-rot fungus. Pure cul- 
tures of G. iabescens, with the usual abundant production of whitish rhizo- 
morphs, were obtained from the roots of both this and the sapodilla tree 
and carried to fruition. 

On April 30, 1941, the grower stated that the disease had attacked a 
litchee (Litchi chinensis) about 3 or 4 years previously, but that he had 
treated it and the tree had since borne good crops of fruit. He further 
stated that he had found that the recommended procedure of exposing the 
root crowns of attacked plants to aeration and drying had proved efiective 
in arresting the progress of the disease, and that with this in conjunction 
with surgical treatment he had been able to save a number of trees attacked 
by root rot, provided the disease was detected and treatment administered 
before it had progressed too far. 

The high degree of mortality in that portion of this small property de- 
voted chiefly to subtropical plants was attributable largely to the practice 
of close planting, allowing the diseased trees to remain frequently, long after 
they had died, and incomplete removal of the roots when the trees were 
finally dug up, thereby increasing the number of centers of infection. As 
a result, most of the plants enumerated were attacked or killed by the time 
they had attained an age of from 4 to 7 years. Doubtless a number of other 
new hosts for Clitocybe root rot might have been determined had the writer 
continued to have access to this property after 1932. However, eireum- 
stances arose to prohibit further inspection of the plantings for the purpose 
in which he was interested. 

SUMMARY 

A mushrooom or toadstool root rot of bananas occurring in Merida, 
caused by Clitocybe iabescens, which has been found to be of widespread 
occurrence in this State and frequently very destructive to a large variety 
of native trees, fruit trees, ornamental trees, shrubs and vines, is reported. 

The symptoms, which are described and illustrated in detail, agree 
closely with those of a corm rot of bananas reported as becoming increas- 
ingly prevalent in New South Wales, Australia, as plantings are extended 
to newly cleared hardwood forest land, and attributed to an undetermined 
species of 

Notes are also given on the widespread loss of a number of trees and 
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other plants, mostly exotic and including a number of uncommon subtropi- 
cal ones, from attack by Clitocyhe tahescens in the same property whei’e this 
disease proved so destructive to bananas. 

Cocoa, Florida. 
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THE FUNGICIDAL AND PHYTOCIDAL PROPERTIES OP 
SOME COPPER XANTHATES 


M. C. Goldsworthy, E. H. Carter and E. L. Green 
(Accepted for publication September 20, 1941) 

The copper xanthates are of interest' to plant pathologists working with 
fungicides because they contain both copper and sulphur and are nearly 
insoluble in water. They are the copper salts of the theoretical xanthic 
acids R • OCS2H, in which R represents an alkyl organic radical. In water 
suspensions only small amounts of copper or sulphur appear to be available 
at any one moment. Our study of their properties was the result of a search 
for less injurious substitutes for the common orchard fungicides, Bordeaux 
mixture, sulphur, and lime-sulphur, all of which may cause injury to fruit 
trees under certain conditions. 

The soluble xanthates are made by combining equimolecular quantities 
of an alkali or alkaline earth metal hydroxide, carbon disulphide, and an 
alcohol or a compound containing an alkyl hydroxyl grouping. The fol- 
lowing example indicates the reactions concerned in the formation of potas- 
sium ethyl xanthate: 

O2H5OH + KOH + CS2— C2H5OC— S— K + H2O 

II 

s 

Cuprous xanthates may be made by the treatment of a solution of an 
alkali metal xanthate with a solution of a copper salt. Di-xanthogens, also, 
are produced in the resultant reaction and these were removed from the 
insoluble precipitates by treatment wuth acetone. 

4 C2H5O— C— S— E + 2 CUSO4 

S 

2 C2H5OC— S— Cu + (C2H50CS2)2 + 2 K2SO4 

II 

■S 

For the experiments reported in this paper the cuprous xanthates of 
the lower alcohols (methyl, ethyl, propyl, butyl, isoamyl ),^ and some of 
their isomers^ were made by treating solutions of cupric sulphate with the 
potassium xanthates of the respective alcohols. The cuprous xanthates pre- 
cipitate out as finely divided yellowish powders, not wettable in water. 
Copper ethyl xanthate and copper isoamyl xanthate were prepared for us 
in larger lots for field trials through the courtesy of the Monsanto Chemical 
Company, of St. Louis, Mo. The copper content of the samples (Table 1 ) 
compared to the theoretical copper content indicated a high degree of purity. 

A A material sold as isoamyl alcohol was used. The exact content of this compound 
it not known. 

2 Carter, B. H, Insecticidal and fungicidal compositions. U. S. Patent No. 2150759. 
U. S. Patent Office, Washington, D. C. 1939. 
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TABLE 1 . — Copper content of various copper xanthates 


Coinpoiind 

Percentage 

copper 

theoretical 

Percenta.-^e 

copper 

found 

Cuprous methyl xanthate 

37.2 

35.7 

a i i i i 


37.4 

Cuprous ethyl xanthate 

34.4 

32.0 

A ^ ^ ^ ^ coinniorciaB 


38.6 

Cuprous N propyl xanthate 

31.6 

31.1 

^ ^ iso ^ ^ ^ 


33.1 

Cuprous N butyl xanthate 

29.8 

29.7 

a ii a a 


i 26.2 

Cuprous isoamyl xanthate 

28.0 

27.3 

iC C i i( (( 


29.3 

^ ^ ‘ ^ ^ ^ eommerciaB 

i 

; 28.8 


a Obtained tlirougli courtesy of the Monsanto Gliemical Co.^ St. Louis, Mo. 


Table 2 shows the solubility of 5 of these compounds produced in our 
laboratories and known to be pure. All of the solutions were found to re- 
act with chromotropic reagent, a sensitive indicator for dilute concentrations 
of ionized copper" and none gave indications of SH ions when treated 
with 5 per cent nitroprusside solutions.'^ All, and especially the solutions 
of the methyl, propyl, and butyl copper xanthates, possessed odors indi- 
cating sulphur affinities. 

The laboratory tests were conducted according to the methods outlined 
by Goldsworthy and Greeir'^ and consist, briefly, in subjecting coiiidia of 
Sderotinia fnicticola (Wint.) Rehm. (peach brown-rot pathogen) and 
Glomerella cingulata (Ston.) Spaul. and Schrenk (apple bitter-rot patho- 
gen) to 24-hour perfusions with saturated water solutions of the chemicals, 
and to residues of the chemicals remaining on sprayed glass cover slips 
after weathering in an apple orchard. Phytocidal tests were conducted 
on bean, Phaseolus vulgaris L. var. Red Kidney, and on apple, MaUis 
sylvesiris Mill. var. Starking Delicious. 

Copper methyl, propyl, and butyl xanthates possess such a penetrating 
and disagreeable odor that they were not used in field residue tests. 

The perfusion and phytocidal tests were conducted in the laboratory and 
greenhouse with the copper methyl, ethyl, propyl, butyl, and isoamyl 
xanthates. Table 2 shows the fungicidal value of the saturated solutions of 
the various copper xanthates against the eonidia of Sderotinia fructicola 

Glomerella cingulata. 

All of the saturated solutions w^ere found to be toxic in varying de- 
grees to the eonidia of Sderotinia fructicola. Of the 5 tested, copper ethyl 

3 Goldsworthy, M. G., and E. L. Green. Availability of the copper of Bordeaux mix- 

ture residues and its absorption by the eonidia of Sderotinia fructicola. Jour. Agr. Ees. 
[m] 52: 517-535. 1936. ^ 

4 — p ]20 fungicidal action of liquid lime-sulfur. Phytopath. 18 : 355- 

360. 1928, ^ 

5 Goldsworthy, M. C., and E. L. Green, Effect of low concentrations of copper on 
germination and growth of eonidia of Sderotinia fructicola and Glomerella cingulata. 
Jour. Agr, Bes. [XJ.S.] 56: 489-506. 1938. 
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b Parts Cu per million in distilled water. 
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xantliate and copper butyl xanthate showed the greatest fungicidal value 
at the end of 6 hours of perfusion ; at the end of 24 hours, both prevented 
germination entirely. Methyl, propyl, and isoainyl xanthates showed the 
least fungicidal value to the conidia of S, fr%icticola. None of the xanthates 
was completely effective against the conidia of GlomereUa cingiilata, but all 
showed some degree of fungicidal value. Copper ethyl xanthate proved to 
be the most potent of the 5 used against this organism. It is not known 
whether the fungicidal value of these solutions was due entirely to available 
copper or to dissolved sulphur. The fungicidal values obtained appear 
to indicate that they are attributable to the presence of available copper 
rather than to available sulphur. The varying responses of the conidia of 
both species are indicative of the presence of copper values. If the results 
were due to the presence of soluble sulphur it appears very unlikely that the 
conidia of G. cingulata would have responded to the treatments. The data 
also appear to support the theory that only a portion of the soluble copper 
was available for the reactions, sinoe none of the actual values approached 
the theoretical values for the effect of copper. 


TABLE 3. — Fungicidal value of various concentrations of soluble copper, as copper 
sulphate, applied to the conidia of Sclerotina fructicola and Glomerella cingulata at 74° F. 


Copper 

Hours 

Effect on the conidia 

Subse- 

Effect on. the conidia 

Subse- 

conceii- 

per- 

of S. fructicola, 

quent 

of G. cingulata, 

quent 

tration 

fused 

7 days old 

growth 

5 days old 

growth 




Fer 


Fer 




cent 


cent 

0.25 p.p.m. 

6 

Some slight injury noted 

90 

No ai)parent injury 

100 

24 

Apparent injury to some 

56 

it ( 1 a 

100 

0.50 p.p.m. 

6 

Few have germinated; 

48 

it it it 

68 

24 

few appear injured 

All appear injured 

Trace 

Many appear injured 

42 


0.75 p.p.m. 

6 

Some apparent injury, no 

35 

Few appear injured 

80 

24 

germination 

All appear injured 

0 

All api:>ear injured 

Trace 


1.00 p.p.m. 

0 

Trace of germination; 

46 

Few ^ ^ ^ ' 

72 

! '24 

some appear injured 

All appear injured 

0 

All ^ ^ 

Trace 



6 

Few with short germ 

Trace 

Few with short germ 

46 

1.50 p.p.m. 


tubes; many appear 
injured 


tubes; few appear 
injured 



24 

All appear injured 

0 

All apx)ear injured 

Trace 

2.00 p.p.m. 

6 

24 

All appear injured 

a it 

10 

0 

tc a 1 i 

it it ‘ ( 

50 

0 

3.00 p.p.m. 

6 

,24 

it a a 

a it it 

"Trace 

0 

tt i l C i 

a a it 

Trace 

0 


6 

90 per cent budded 

100 

No germination 

100 

XO Ui.X VA 

24 

100 i)er cent with short 

100 

All have short germ 

100 


germ tubes 


tubes 



Table 3 shows the effect of varying p.p.m. concentrations of soluble 
copper on the conidia of Sclerotinia and cingulata. 
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Copper concentrations approximating 0.50 p.p.m. were toxic to the conidia of 
S. fructicola in the same degree as saturated solutions of copper ethyl and 
butyl xanthates, while copper concentrations of 0.25 p.p.m. were comparable 
with methyl, propyl, and amyl xanthates. Nearly all of the copper xan- 
thates are about as toxic to the conidia of G. cingulata as a solution of copper 
containing approximately 0.50 p.p.m. (about the copper solubility of 
weathered 4r-4-50 Bordeaux mixture). The saturated solution of copper 
ethyl xanthate was the most potent, and the indication was that if the 
toxicity was due to soluble copper the copper content was nearer 0.75 p.p.m. 
than 0.50 p.p.m., since it w^as more toxic than the known solution of copper 
containing 0.50 p.p.m. 

The data from the residue tests are shown in table 4. The 2 xanthates, 
copper ethyl and isoamyl, w^ere each combined with hydrated lime and 
bentonite at the rate of 2 lb. of xanthate, 4 lb. of hydrated lime, 2 lb. of 
bentonite, and | lb. of soluble fish oil soap to 100 gal. of water. Bach 
mixture was sprayed on thin cover glasses and allowed to dry thoroughly. 
The sprayed cover glasses were then hung up among the leaves of unsprayed 
apple trees and allowed to w^eather. Samples were collected on the 3rd, 7th, 
15th, and 22nd day following the initial exposure and brought into the 
laboratory for testing. Drops of eonidial suspensions were placed on the 
residues and the preparations were held at a high humidity to prevent 
drying out and at a temperature favoring germination. Observations of 
the direct effect of the spray residues were recorded after a 24-hour period, 
and then some of the conidia were transferred to a medium free of residue, 
to find out whether the conidia had been killed or merely inhibited. Bor- 
deaux mixture, the fungicidal value of which is known, was used for com- 
parison. 

Before weathering, the residues of the copper xanthates showed slight 
toxicity to the conidia of Sclerotinia fructicola^ but none to those of Glo- 
merella cingulata. Lime residues also exhibit toxicity under these condi- 
tions, and probably the first day^s effect was due to the lime. As time 
elapsed, both of the xanthates showed a progressive increase in toxicity 
against the conidia of S. frntcticola but none against those of G. cingulata. 
During the same period the progress of toxicity with Bordeaux mixture 
was more rapid, as is characteristic of that material. Prom these data it 
appears certain that the residues of the copper xanthate mixtures are not 
so potent as those of Bordeaux, but that they may have possibilities against 
disease-producing organisms that are killed by more dilute copper solutions. 

Phytocidal tests on the bean (Phaseolus vulgaris L. var. Ked Kidney) 
and on apple {Malus sylvestris Niell. var. Starking), under average green- 
house conditions of either low or high humidity indicated that the copper 
xanthates were relatively safe, since no injuries were observed. 

Copper ethyl and iso-amyl xanthates, combined with lime, bentonite, 
and lead arsenate (when needed as an insecticide), and wetted with soluble 
fish oil soap, were applied in field tests to apple varieties in 1937 to control 



4:,~-Bffect of weathering on the f ungicidal value of spray residues composed of copper xanthates, hydrated lime and hentonite 
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a Two lb. of xaiithate, 4 lb. of hydrated lime, 2 lb. of bentonite, 100 gal. of water. 
Fonr lb. of copper sulphate, 8 lb. of hydrated lime, 100 gal. of water. 
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the apple scab organism, Venturia inaequalis (Cke.) Aderh. The data from 
these tests are shown in table 5. The tests were conducted on a small scale, 
on 5-year-old Williams’ Early Ked, York Imperial, Eome Beauty and 
Starking apple trees at the U. S. Horticultural Station, Beltsville, Md. In 
table 5 the performance of the xanthates is compared with that of pheno- 
thiazine mixture in one ease, lime-sulphur followed by copper-phosphate 
mixture in two cases, and with no treatment in another. 


TABLE 5 .^ — Effect of copper ethyl xanthate and copper isoamyl xanthate on the 
control of apple seal and russet^ 


Variety 

Treatment 

Total 

fruits 

Scab 

Russet 




No. 

Per 

cent 

No. 

Per 

cent 

Williams ^ 

Ethyl xanthate mixture^ 

240 

6 

2.5 

18 

7.5 

Early 

Isoamyl xanthate mixture 

112 

4 

3.2 

18 

16.0 

Red 

Phenothiazine mixture^* 

334 

2 

Trace 

40 

12.0 

Tork 

Imperial 

Ethvl xanthate mixture 

47 

0 

0.0 

11 

23.4 . 

Isoamyl xanthate mixture 

27 

0 

0.0 

3 

11.1 

Lime-sulphur ; copper-phosphate® 

50 

0 

0.0 

3 

6.0 


Ethyl xanthate mixture 

11 

0 

0.0 

4 

36.4 ' 

Rome 

Isoamyl xanthate mixture 

112 

18 

16.0 

7 

6.2 

Beauty 

Lime-sulphur; copper-phosphate 







mixture^ 

45 

0 

0.0 

16 

35.5 


Ethyl xanthate mixture 

228 

10 

4.3 

35 

15.4 

Starking 

Isoamyl xanthate mixture 

103 

4 

4.0 

5 

5.0 

No treatment ^ 

642 

341 

53.1 

18 

2.8 


* Five applications : blossom, calyx, and 3 cover applications. 

a Mixture = 2 lb. copper xantbate, 4 lb. of hydrated lime, 2 lb. of lead arsenate, and 
2 lb. of bentonite to 100 gal. of spray fluid. 

^ “ = 2 lb. phenothiazine, 4 lb. of hydrated lime, and 2 pounds of bentonite to 

100 gal. of spray fluid. 

c = Lime-sulphur 1-40 at blossom, 1-50 at calyx, 1-75 at flrst and second 

cover applications. Copper phosphate 4 lb., hydrated lime 8 lb., ben- 
tonite 2 lb. to 100 gal. of spray fluid in third cover application. Lead 
arsenate 2-100 at calyx, first, second, and third covers. 

The copper xanthates caused no injury that could be ascribed to their 
copper content. A type of injury developed, however, during the warm, 
humid periods, that greatly resembled that resulting from the use of ar- 
senicals. On most varieties this injury affected mostly the margins of the 
leaves and caused but little damage. On the Williams’ Early Bed variety 
this injury also occurred in the intercostal regions of a few of the leaves. 

Although the xanthates controlled apple scab fairly well under the cir- 
cumstances of the tests, their performance, from a phytocidal and fungicidal 
standpoint, was inferior to that of the regular lime-sulphur and Bordeaux 
applications. They have no practical value as orchard spray materials at 
the present time. 

SUMMARY AND conclusions 

The fungicidal value of the copper xanthates prepared from methyl, 
ethyl, propyl, butyl, and isoamyl alcohols were tested. 
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These materials are only slightly soluble in water. Saturated solutions 
contained very little available copper and apparently the copper and sul- 
phur are combined so tightly that they are non-injurious to sprayed plants. 

Copper ethyl and isoamyl xanthates were tested against the apple scab 
organism, Yenhiria inaequalis^ in orchard experiments on 4 apple varieties. 
Although they reduced the number of scab infections, protection was not 
equal to that shown by the regular orchard treatments with lime-sulphur 
(early sprays) and copper phosphate mixture (late sprays). 

In laboratory perfusion tests all of the xanthates tested proved toxic 
to some extent to the conidia of Sclerotina frucficola. The ethyl and butyl 
xanthates were the most toxic. None of the xanthates appeared to possess a 
high fungicidal value against , the conidia of Glomerella cingulata. The 
toxicity exhibited by saturated solutions of the various xanthates against 
/S', friictieola and G. cingulata conidia was of the same degree as that ex- 
hibited by a solution containing about 0.50 p.p.m. of copper. 

Spray residues containing the ethyl and isoamyl xanthates were toxic to 
the conidia of S. fmcticola but not to those of G. cingulata. 

Applications of the xanthates on bean plants {Phaseolus vulgaris L. var. 
Eed Kidney) and on apple {Mains sylvestris Niell. var. Starking), in the 
greenhouse caused no injury to leaves or stems at low and high humidities, 
respectively, and at average temperatures. In regular orchard treatments 
of apple varieties, copper ethyl and isoamyl xanthates appeared to promote 
arsenical injury when mixed with lead arsenate. 



THE MECHANISM OF SPORE DISPERSAL IN PERONOSPOPA 
TABACINA AND CERTAIN OTHER DOAYNY 
MILDEW FUNGP 

J. A. PirrcKAEDS 
(Accepted foi’ publication August 4, 1941) 

Sporangial release among the Peroiiosporales is usually described as a 
simple process brought about by the mechanical action of air currents or by 
rain. This concept assumes that the sporangia, upon reaching maturity, are 
broken off from their sterigmata-like attachments to the sporangiophore, 
more or less by accident. That this process is no mere accident was first 
suggested, by de Bary (3), who wrote: '‘Where filiform sporophores rise 
free into the air, a further mechanical arrangement is founct which greatly 
assists the shedding and scattering of the abscissed spores. It may be readily 
observed in the Hyphomycetes, in Peronospora^ for example, Phytophthora 
infestans^ and in the gonidiophores of Peziza, FiickeUana, etc. The hyphae 
of these fungi are cylindrical in the moist and turgescent state, but collapse 
when dry and especially when the spores are ripe into a flat ribbon-like 
form, and the drier they are the more strongly do they become twisted round 
their own longitudinal axis. They are so highly hygroscopic that the slight- 
est change in the humidity of the surrounding air, such, for instance, as 
may be caused by the breath of the observer, at once produces changes in 
their turgescence and torsion; the latter giving a twirling motion to the 
extremity of the gonidiophore and the ripe spores are thereby thrown off 
in every direction,^’ 

De Bary’s interesting observations appear to have been either overlooked 
by most investigators or considered of little practical significance. Ingold 
(6), who reviewed the literature on spore discharge among land plants, 
quotes de Bary’s statements in full, but adds: ''It seems very likely that this 
kind of discharge may occur, but although I have examined the behavior 
of the conidiophores of Peronospora parasitica and Botrytis cinerea under 
conditions of rapidly changing humidity, I have been unable to convince 
myself that actual spore discharge is effected by the twirling movements of 
the eonidiophore. Ingold concluded, therefore, that this form of spore 
discharge is of ". . . little or no biological importance. . . Weston 
(10), after studying exhaustively the production and dispersal of eonidia 
in the Plailippme Sclerospor as of maize stated, "... In the opinion of the 
writer these experiments and observations indicate that the eonidia are 
forcibly throwm off from the sterigmata. . . Both de Bary and Weston, 
therefore, were of the opinion that mechanisms for forcible dispersal of 
sporangia occurred among certain Peronosporales. 

1 Published with the approval of the Director of the yirgiiiia Agricultural Experi- 
ment Station. 

2 pQi-jjierly Associate Plant Pathologist, Virginia Agricultural Experiment Station. 
The writer also wishes to express his gratitude to P. A. Wolf and to W. A, Whitney for 
helpful assistance. 

■ ■ Kf\fi 



506 


Phytopathology 


[VoL. 32 


During the course of extensive investigations (9) on the control of 
downy mildew of tobacco, caused by Peronospora tahacina Adam, the 
forcible ejection of sporangia of P. tahacina was observed to occur precisely 
as de Bary has described the process for P. parasitica (Pers.) Pr. The 
purpose of this report is to describe the hygroscopic mechanism of sporangial 
dispersal of P. tahacina, and similar fungi, and to discuss its importance 
in relation to the behavior of the downy mildew of tobacco (Nicotiana 
tahacum Ij.). 

DEMONSTRATION OF THE HYGROSCOPIC MECHANISM 

Several investigators (1, 11, 13) have described and illustrated the 
formation and production of the sporangia ot Peronospora tahacina. Nor- 
mally the sporangiophores and sporangia begin to form on the under surface 
of infected tobacco leaves a few hours before daybreak when temperature 
and atmospheric moisture are favorable. Numerous field observations (4) 
have shown that normal sporangial formation occurs within the range of 
42® to 63° P., being most abundant at 56° P. Sparse sporangial formation 
will take place, however, both above and below these temperature limits (2). 
The effect of the water vapor pressure, or relative humidity, on sporangial 
formation, however, is pronounced. Armstrong and Sumner (2) have 
shown that sporulation is limited to the range from atmospheric saturation 
to slightly below the dew point. Weston (10), working with downy mildew 
of maize, observed that a film of moisture on the leaf seemed essential for 
normal sporulation. Sporangial formation by P. tahacina is inhibited, how- 
ever, by the presence of a visible film of water on the leaf surface (Pig. 1). 

If a leaf, bearing freshly-formed sporangiophores (Pig. 1), is mounted 
under a dissecting microscope, in such way as to show them in profile against 
a white background, and if the fruiting structures have not been subjected 
to drying between the time of maturation and examination, normal spo- 
rangiophores with their attached sporangia may be observed (Pig. 2, A). 
Then, if the normal, mature sporangiophores are watched, while slight dry- 
ing begins, the entire crown of each fruiting -structure, with its branchlets 
and sporangia, begins a counter-clockwise rotation. Each portion of a 
sporangiophore, lying between the branches, executes independent rotation. 
The degree of rotation appears to depend upon the length of the section 
between branches and the degree of desiccation. 

Several complete twists occur in tall sporangiophores, in the portion 
extending up to the first branch. A lesser number of twists occurs between 
each successively shorter branch. As drying progresses, a twisting and 
bending motion is imparted to the sterigmata-like structure bearing the 
sporangia. If desiccation be discontinued, the movement ceases, and the 
rotation reverses itself, if air of a higher moisture content be supplied to 
the sporangiophores. Under conditions of delicate moisture balance, the 
breath of the observer is sufficient to bring about the above described move- 
ments. The net effect of these movements is, of course, the release of the 
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mature sporangia. Figure 2, A, B, and C illustrates diagrammatically the 
sequence of sporangiophore movements in an atmosphere becoming pro- 
gressively drier. Figure 2, D illustrates the reverse movement of the 
sporangiophore shown in figure 2, C, after saturated air has been re-intro- 
duced. 



Fig. 1. Fruiting structures of Peronospora tahacina on the under side of a leaf of 
Nicotiana iabacum, A large drop of water prevented the formation of fruiting structures 
at point A. 

During the course of rotation many of the sporangiophore branches 
become entangled with each other and the mature sporangia are dislodged 
from their attachments as a result of the spring-like action of the branches 
as they disengage. 

The sporangiophores bearing immature sporangia are, however, sensitive 
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to air of Yarying moisture content and are capable of exeenting bygroseopic 
moYement. Immature sporangia, however, are firmly attached, since none 
were observed to be released prematurely by branch entanglement following 
exposure to currents of dry air. 

That the ejection of mature sporangia is not dependent upon entangle- 
ment was observed in the ease of isolated sporangiophores mounted in a 
specially devised van Tieghem cell into which air was introduced through 
side arms at a very low velocity. Air at a constant temperature was bubbled 
slowly through sulphuric acid-water mixtures and led into the van Tieghem 
cell. As each bubble was introduced into the saturated atmosphere sur- 
rounding the isolated sporangiophores a minute decrease in water-vapor 
pressure was produced. As the experiment proceeded, the vapor pressure 



Fig. 2. The cycle of hygroscopic movement executed by a fruiting structure of 
Peronospora ta}}acina. A. Sporangia mature and attached, no significant vapor-pressure 
deficit. B. Slight vapor-pressure deficit; sporangial discharge begins. C. Strong vapor- 
pressure deficit; sporangia completely discharged. B. No signfiicant vapor-pressure 
deficit ; sporangiophore returns to the normal position. 

decreased gradually, and the sporangiophore rotated slowly. By alternately 
increasing the vapor pressure, branchlets bearing sporangia could he ob- 
served to rotate to the left or to the right. By slowly decreasing the vapor 
pressure, a point was reached when abscission occurred between the sterigma 
and its sporangium. The sporangium seemed to be released forcibly by 
energy applied at the point of attachment. The stimulus for this energy 
is attributed to differential stresses set up within the sterigmata. 

If infected tobacco leaves are kept in a saturated atmosphere sporulatioii 
occurs hut the sporangia are not released, since no hygroscopic movement 
takes place. Under such conditions the sporangia merely exhibit prolifera- 
tion (13). If sporangia, freshly formed on leaves, are held in the saturated 
atmosphere of a closed container, and if a portion of such leaf is cautiously 
removed and exposed to ‘‘quieU’ air during early morning, hygroscopic 
movements can be observed with a hand lens. The rotation varies from 
left to right, depending, presumably, upon the vapor pressure of the air 
striking the sporangiophores. In this connection, it was interesting to note 
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that, although the air may approximate saturation, erratic clockwise and 
counter-clockwise rotations of sporangiophores were observed. These move- 
ments were assumed to be sufficient to cause mechanical entanglement of 
sporangiophore branchlets and to effect the dislodgment of sporangia. It 
can be assumed, also, that mature sporangia were ejected by forces applied 
at their base. 

SPORE DISPERSAL OP OTHER MEMBERS OP THE PERONOSPORALES 

Other members of the genus Peronospora were examined, in the fresh 
state, to determine if they, too, exhibited hygroscopic mechanisms similar 
to those described for Peronospora tahacina. As a result, P. parasitica on 
Lepidium virginicim h., P. geranii Peck, on Geranmm carolinianum h., 
and P. halsteadii Pari, on species of Amlrosia were observed to behave 
similarly. 

In studying these downy mildews, it was necessary under certain condi- 
tions to mount the leaf bearing freshly formed fructifications under a pre- 
focused microscope and to transport the leaf with its fruiting structures 
to the microscope, under very humid conditions. Collections were made 
before sunrise, and the examinations made immediately in a damp, semi- 
dark basement. After the material was in place on the microscope stage, 
a beam of light was focused upon it. After a few seconds, the heat from 
the light created a local vapor-pressure deficit in the field of vision and 
violent spore discharge was observed. Merely transferring leaves bearing 
sporangia from a moist chamber to the microscope stage, under ordinary 
laboratory conditions, caused mature sporangia to discharge. The delicate 
nature of the fructifications is correlated with a delicate balance of turgor 
pressure, which is easily upset by a vapor-pressure deficit when sporangia 
are mature and ready to abciss. This factor is evidently important in the 
development of field epidemics. 

Dr. Charles J. Nusbaum, in a personal letter to the writer regarding the 
hygroscopic mechanisms of Peronospora parasitica on cabbage {Brassica 
oleracea L.) and P. ejfusa on lambs quarters, {Chenopodium allum L.), 
stated, ^Mn each case, the twisting appeared to be in a counter-clockwise 
direction under the microscope and was very pronounced. . . . The twisting 
of the main stalk and branches appeared to be nearly simultaneous and quite 
violent at the start. . . /V 

DISCUSSION 

The mechanism of sporangial discharge, described tor Peronospora 
ialacina, contributes significantly to a better understanding of the life cycle 
of the parasite in relation to its environment. Numerous field observations 
over a period of several years have shown that sporangia are formed most 
abundantly during periods of approximate atmospheric saturation. These 
periods occur, in the field, during the early hours before sunrise. If satura- 
tion persists, the mature sporangia remain attached to the sporangiophore. 
Eainfall is, therefore, not a significant factor in causing dislodgment, as 
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many have heretofore believed. Dixon and associates (4, page 756) con- 
cluded after extensive field observations, that continued rainy weather, 
combined with long periods of saturation, although conducive to abundant 
sporulation, inhibits dissemination. Furthermore, Wolf and McLean (13) 
have shown that under conditions of saturation the mature sporangia merely 
proliferate m siUi. These observations, together with those herein reported, 
seem to warrant the conclusion that downy mildew of tobacco is disseminated 
following atmospheric saturation and not during ordinary, continuous rain 
or during periods with no vapor-pressure deficit in the vicinity of the 
sporangia. 

The period immediately following atmospheric saturation, or near- 
saturation, seems to be the best for dissemination of and infection by downy 
mildew fungi. During these periods conditions for sporangial germination 
are optimum. If sporangia were liberated during rains they would be 
W’ashed from the air, and wide dissemination would seem impossible. 

The combined action of air currents and vapor-pressure deficit cannot 
be separated successfully under field conditions, although it is possible to 
do so in the laboratory. Even though 100 per cent relative humidity pre- 
vails in the field, a slight rise in local air temperatures with the oncoming 
day will stimulate both sporangial discharge and air movement. 

The mechanism of sporangial discharge seems to result from two 
nearly inseparable factors : mechanical entanglement of the sporangiophore 
branches, and the ejection of sporangia from their sterigmata by energy 
applied at the point of sporangial attachment. The exact nature of this 
latter process is yet to be determined ; but, since the entire fruiting struc- 
ture of Peronospora tabacina is developed in a few hours, and since its 
formation is dependent upon the presence of a nearly saturated surrounding 
atmosphere, it seems highly probable that the structure of the cell wall is 
not only very delicate, but also very sensitive to water vapor. Longitudinal 
thickening of the sporangiophore wall could account for differential stress 
during desiccation. 

The fact that all sporangiophores rotated in unison, and in the same 
direction, suggests that, whatever the nature of the cell wall may be, it is 
probably heritable and a normal character of many species of Peronospora. 

Weston (10) discusses the early literature dealing with the rate of fall 
of various air-borne spores and concludes that only a very slight air move- 
ment is sufficient to carry the Philippine Sclerosporas of maize significant 
distances. Wolf and associates (12) were able to trap from , the air the 
sporangia of several downy mildews, including 4 of the 5 species discussed 
ill this report, Newhall (8) was able to trap the spores of Peronospora 
destructor (B&rk.) Caspary from the air over onion fields. Leach (7) and 
Doran (5) have, also, reported evidence that downy-mildew spores are wind- 
borne. 

From the foregoing evidence it seems highly probable that the hygro- 
scopic meclamism ot Peronospora tabacina^ P. parasitica f P. geranii, P. 
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halsteadiiy and P. effusa lias a definite fnnetion in the life history of these 
organisms. It also seems probable that other members of the genus have a 
similar mechanism for sporangial liberation. An understanding of these 
facts will undoubtedly lead to a better appreciation of the mode of spore 
dissemination and of disease development among the downy mildews. 


SUMMARY 

Sporangial dispersal, caused by changes in the moisture content of the 
air has been described for Peronospora iabacina, P, parasitica^ P. geraniiy 
P. halsteadiiy and P. effusa. 

Sporangial dispersal in these members of the Peronosporales begins with 
incipient drying, and is concluded by hygroscopic distortion of the aerial 
fructifications. 

The mechanical action of wind and rain, during periods of atmospheric 
saturation, is not believed to be responsible for the dispei'sal of sporangia of 
these species of Peronospora. 

Mississippi Agricultural Experiment Station, 

State College, Mississippi. 
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COLD INJURY OP FLUE-CURED TOBACCO SEEDLINGS^ 

J. A. PiNGKAED AND L X7 B E N SPASOPP B0Z0VAISKY2 
(Accepted for publication August 4^ 1941) 

INTRODUCTION 

A disorder of yomig* tobacco seedlings, known locally as 'AvMte bud’' or 
‘^yellow bud,” bas been observed in the bright-tobacco area of Virginia for 
the past several years. The disease has been noted only in the early spring 
about the time seedlings have a spread of i-2 inches. 

The first symptom of this disorder (Pigs. 1 and 2) is xanthosis of the 
young leaves enclosing the growing point. The result is a conspicuous and 
characteristic white or yellowish-white apical bud. As the small bud leaves 
expand, yellowing becomes evident along the margins but may disappear as 
the leaves grow older and no other noticeable symptoms develop. In more 
severe forms of the disorder necrosis of the marginal cells is a result. In 
such eases the young leaves may become permanently or temporarily dis- 
torted. If this happens, the plants usually suffer temporary retardation of 
growth. Thickened, glazed leaves of occasional seedlings usually are pres- 
ent in seed beds wherein this injury is manifest. 

The cause of white bud” in tobacco seedlings has been variously diag- 
nosed as either too much or too little of one or another constituent of the 
seed-bed fertilizer. It also has been assumed to be an expression of french- 
ing or of one of the numerous viruses attacking tobacco. Valleau and John- 
son^ have encountered this disease in Kentucky, and have correctly diag- 
nosed it merely as an expression of cold injury. 

The purpose of this paper is to describe experiments leading to the arti- 
ficial reproduction of the above described cold injury of young tobacco 
seedlings. 

MATERIALS AND METHODS 

Seedlings of both the hurley and flue-cured types of tobacco were grown 
in flats of a rich, loamy soil under strong illumination to encourage rapid, 
vigorous growth. When the plants were approximately to 2 inches across, 
they were subjected to night temperatures of approximately 40° F., for 
several nights, for preliminary hardening. The night temperatures were 
then further reduced to 33° P., and below, for stated periods of time to study 
the symptoms induced by low temperatures upon the seedlings. Refriger- 
ated plant-growing chambers, described elsewhere,^ were employed for this 
purpose. 

1 Published with the approval of the Director of the Virginia Agricultural Experi- 
ment Station. 

spormerly Associate Plant Pathologist, and Senior Agricultural Scientific Aide, 
respectively, Virginia Agricultural Experiment Station. The writers also wish to express 
their gratitude to P. A, Wolf and W. A. WTiitney for assisting in many ways. 

3 Valleau, W. D., and E. M. Johnson. Tobacco diseases in Kentucky. The PI. Dis. 
Bptr. (U. S.) 24: 236-238. 1940. 

^ Pinckard, J . A,, and Luben Spasoff Bozovaisky. A method for the culture of seed- 
lings and' small plants in sunlight under contr oiled-temperature conditions. Phytopath. 
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Fig, !. Cold injury white bud’ 0 tobacco seedlings. A. Left, field- 

grown plants unprotected from cold during the night j right, plants protected by heavy 
muslin fumigation covers. B. Left, artificially -induced cold injury; right, untreated seed- 
lings. Photographed approximately natural size, 5 days after exposure to cold. Contrast 
filter employed. 
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After subjecting the seedlings to various cold treatments they were again 
placed in a cool greenhouse, in strong illumination, and the effect of the cold 
treatment noted. 


Fig. 2. Artificially -induced cold injury of burley tobacco seedlings brought about 
by air temperatures of' 29 to 32° F. for a period of 16 hours. Photographed approxi- 
niately 9 days after exposure. 

RESULTS 

Air temperatures between 31 and 33° F. for 15 hours sufficed to freeze 
both the soil and the leaves of seedlings growung in small flats. After the 
plants had thawed, wilting was observed ; but the plants recovered without 
damage and were indistinguishable from untreated check plants. 

Air temperatures between 29 and 32° F. for 16 hours were sufficient to 
cause the general cold-injury symptoms. Figure 2 shows these plants 9 days 
after treatment. Some plants in this series of experiments were not visibly 
affected by cold treatment; others exhibited various types and degrees of 
injury. If damage occurred, however, the young leaves enclosing the bud 
were always affected, and yellowing developed within a few days. 

Air temperatures between 27 and 29° F. for 3 hours destroyed many of 
the buds outright, leaving the larger leaves unaffected and attached to a 
dead central axis. Several plants in this series of experiments showed 
glazed, thickened leaves, and the characteristic yellow apical bud leaves. 

Air temperatures between 24 and 26° F. for 1| to 2| hours resulted in 
typical ''white bud'^ symptoms (Fig. 1, B), similar to those of field-grown 
plants (Fig. 1, A). Thickened leaves with glazed surfaces appeared more 
abundantly at these temperatures than in any of the others. Both types of 
cold injury were quite apparent on tbe 5th day following cold treatment. 
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Field occurrence of the “white hud” type of cold injury was never 
observed in tobacco seed beds covered during cold nights with heavy muslin 
covers of the type used for fumigation and control of tobacco downy mildew. 
It did occur, however, following cold nights, in adjacent uncovered check 
seed beds. Figure 1, A, illustrates field-grown plants from adjacent un- 
covered and covered seed beds, while figure 1, B, shows a similar condition 
artificially induced. 



Fig. 3. Natural frost injury of old tobacco plants showing typical sensitivity of 
immature tissues. Eedueed. 


Cold injury, as a result of frost, on old, field-grown plants (Figs. 3 and 4) 
appeared to be similar in many respects to cold injury to seedlings. The 
young marginal leaf tissue and the growing point, as in the case of seedlings, 
were most susceptible to cold, while peculiar patterns and blanching devel- 
oped on old leaves. 

DISCUSSION 

Tobacco seed beds in Virginia usually are prepared and sown during the 
first period of warm Aveather in January. The seeds lie dormant in or on 
the ground until the warm w^eather of spring brings about germination and 
subsequent growth. Late snowfall or freezing w^eather may follow warm 
periods after plants have emerged and relatively large leaves have devel- 
oped. Depending upon local conditions, ice may form on the leaves without 
causing significant damage. 

Experiments reported in this paper indicate that both the leaves of pre- 
hardened tobacco seedlings and the soil supporting them may become solid 
from ice crystals for several hours, without causing significant damage to 
the plants. It appears, however, that if temperatures drop below 30 or 31° 
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P. for a few hours damage may result. As the temperature decreases as 
may be expected, the injury increases. The first symptoms of injury appear 
to be a blanching of the primordial tissues, which results in the symptoms 
commonly observed as “white bud.” Plants showing such symptoms may 



blan^ing^’ Eaiuce^ of old tobacco leaves showing peculiar patterns and 


have been exposed to temperatures as low as 24 to 26° P. but for not more 
than 2 or 3 hours. 

As cold injury became more severe, the marginal tissues of very young 
eaves were destroyed progressively toward the base. The central axis of the 
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plant and the growing point were destroyed before older leaf tissue was 
harmed. In older plants similar conditions were encountered, except that 
on old leaves irregular color patterns and blanching appeared. 

SUMMARY 

Incipient cold injury to tobacco seedlings, of both the hurley and flue- 
cured types, resulted in bleaching of the bud leaves. This disorder, common 
in early spring, appears to be induced by an exposure of 2 or 3 hours at 
temperatures between 24 and 26° P., or in 15 to 16 hours at temperatures 
between 29 and 32° P. Typical symptoms of the so-called white bud^’ 
disease, a phase of cold injury, appeared 4 or 5 days after plants were 
exposed to these temperatures. 

The first tissues in tobacco leaves to succumb to cold were those at the 
margins of very young leaves. This appeared to be true of both seedlings 
and older plants. More intense cold destroyed the apical meristem in both 
young and old plants, while cold injury to mature leaves resulted in irregu- 
lar patterns and blanching. 

Mississippi Agricultural Experiment Station^ 

State College, Mississippi, and 

Virginia Agricultural Experiment Station, 

Tobacco Eesearch Laboratory, 

Chatham, Virginia. 


A SEED-BOBNE. MOSAIC OF ASPAEAGUS BEAN, 

VIGNA SESQUIPEDALIS 

W . 0 ; S N Y n E R 

(Accei:)ted for publication August 27, 1941) 

During a period of 1938 when frequent greenhouse plantings of aspara- 
gus bean, Vigna sesqidpedaUs AVight, were being made, it was observed 
that a small percentage of the plants developed mosaic symptoms. The 
seed involved was from a commercial lot purchased under the name of 
Yardlong Bean. This paper is concerned wdth the description of this dis- 
ease and the determination of its nature. 

SYMPTOMS 

The symptoms of asparagus bean movsaic (Figs. 1, 2) are marked by a 
light and dark green mosaic, frequently attended by a downward rolling 
of the leaflets. Leaf rolling is often pronounced. The dark-green areas, 
tend to become piitfy and result in mild rugose symptoms, or leaf distortion 
(Fig. 2, C and D). Variations in the mosaic pattern occur, as they do in 
the case of common bean {Phaseolus vulgaris L.) mosaic caused by Bean 
virus 1 Pierce. Frequently the dark-green areas form broad bands along 
the main veins of the leaflet, as seen in flgure 1, the remainder of the leaf 
being lighter green. Occasionally the primary leaves of plants infected 
through seed transmission of the virus show mild mosaic symptoms or slight 
leaf distortion and stunting (Fig. 2, A). Infected plants often are dwarfed, 
especially if infection has taken place through the seed, and growth may 
be less robust than in normal plants. Severely affected plants frequently 
set little or no seed. 

JUICE TRANSMISSION 

Juice expressed from diseased plants was used to inoculate healthy 
plants obtained from a stock of disease-free seed, employing the rubbing 
method of inoculation aided by the use of carborundum as an abrasive. 
The infection of over a hundred healthy plants was obtained at the outset 
of the work in this way with the production of the chai-acteristic mosaic 
symptoms shown in figures 1 and 2. Plants held as controls remained 
different tests, ranging from less than 10 per cent to more than 90 per cent, 
healthy. 

Usually 9 to 28 days elapsed from time of inoculation until appearance 
of symptoms, apparently depending upon conditions prevailing in the green- 
house. The percentage of infection obtained valued considerably in the 

APHID TRANSMISSION 

The pea aphid, ilf arrojip/i'Rm pw (Kalt.), was used to test the insect 
transmissibility of the virus. Noninfected aphids were reared on plants 


518 




1942] Snyder: Mosaic of Vigna sesquipedalis 519 


of Vida f aha L. grown under cages. Colonies were transferred to mosaic- 
infected plants of asparagus ‘bean, where they were allowed to feed 2 days 
before being transferred to healthy plants in numbers of 10 to 25 aphids 
per plant. After 2 days the aphids were removed by thoroughly spraying 
the plants with nicotine sulphate solution. Controls consisted of healthy 
asparagus bean plants on which like numbers of noninfective aphids were 


Fig. 1. Vein-banding symptoms of asparagus bean mosaic. 

placed. Of 14 plants on which infective aphids had been allowed to feed, 
10 became infected with mosaic. No mosaic developed in 9 plants on which 
noninfective aphids were fed. These results sufficed to demonstrate that 
the virus belongs to the group of aphid-transmitted viruses, and no further 
tests with aphids were made. It seems probable that other species of aphids 
which feed naturally on asparagus bean also may be vectors of the virus, 
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GimiVJh VC B 1 asparagus bean mosaic on a primary leaf iiife 

D sevfre w ^^V ;• ^ as in A ; 0, rugose mosaic, 

D, severe leaf distortion symptoms of asparagus beau mosaic on trifoliate leaves. 


and 


judging from the experience gained from studies of other aphid-transmitted 
legume viruses. 


SEED TRANSMISSION 

It has already been mentioned that the appearance of this mosaic of 
asparagus bean was first seen in plantings from a certain lot of commercial 
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seed gTOWii ill a greenhouse. In a count made of infected and healthy plants 
from a planting of this seed lot, 4, or 3.3 per cent, were infected out of a 
total of 121 plants. 

A few infected plants were allowed to mature in the greenhouse, and the 
seed from them replanted. Of 109 plants grown from the seed set by dis- 
eased plants, 41, or about 37 per cent, developed mosaic symptoms. These 
figures illustrate a seed transmissibility of the virus resembling that of the 
well-known common bean-mosaic virus. The seed-borne nature of the virus 
serves to distinguish it from most other viruses, as well as to stress its simi- 
larity to those of common bean mosaic, cowpea {Vigna sinensis Bndl.) 
mosaic, and soybean {Soja max Piper) mosaic (Soybean virus 1 Pierce). 

HOST RANGE 

Attempts to infect other plants, particularly legumes, have mostly failed. 
Infection of cowpea has been obtained, with symptoms resembling those of 
cowpea mosaic, but only in certain instances has the infection of common 
bean (Phaseolus vulgaris) been successful. In the latter case symptoms 
have not agreed with those of common bean mosaic. Plants inoculated, but 
that so far have not shown infection, include catjang (F. catjang Walg.), 
Midwest soybean (Soja max), Perfection and Laxtons Progress pea {Pisnm 
sativum L.), common and Peruvian alfalfa (Medicago sativa L.), Acer 
arietinum L., Lathyrus odoratus L., Blelilotus alba Desr., M. indica AIL, 
Trifolium repens L., T. pratense L., Nicotiana tahacum L., and N. glu- 
tinosa L. 

Likewise, an attempt to infect the asparagus bean with the common bean- 
mosaic virus was without results. It would appear from these tests on host 
range, although not exhaustive, that the virus causing this mosaic of aspara- 
gus bean is narrowly limited in its infectivity, and that it is probably largely 
confined in nature to the genus Yigna. 

■f ' 

PROPERTIES OP THE VIRUS 

The thermal inactivation point, dilution end point, and longevity of the 
virus were determined in the usual way. The expressed juice from infected 
plants was strained through cheesecloth, treated, and then inoculated into 
healthy asparagus beans by the rubbing method. The results obtained are 
shown in table 1. 


TABLE 1 . — Physical properties of the asparagus bean-mosaic virus 


Thermal inactivation 

Dilution tolerance 

Longevity in vitro 

Temp. 

No. 

plants 

inocu- 

lated 

No. 

plants 

infected 

Dilution 

No. 

plants 

inocu- 

lated 

No. 

plants 

infected 

Days 

No. 

plants 

inocu- 

lated 

No. 

plants 

infected 

Boom 

35 

17 

None 

33 

21 

None 

34 

21 

55° C. 

37 

15 

1/1000 

30 

■2 

1 

41 

9 

60° C. 

34 

0 

1/3000 

■ 27 

0 

2 

24 

1 

65°* G. 

32 

0 

1/6000 

1 

0 

" ^ 

23 

I',' 

0 
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These results (Table 1) show that the virus in juice extracted from 
diseased plants was inactivated by heating it for 10 minutes at a temperature 
of 60° C.; by diluting it to a concentration of 1-3000; and by keeping the 
juice in stoppered test tubes for about 2 days at a constant temperature 
of2i°a 

DISCUSSION 

Mosaic diseases of asparagus bean, cowpea, and catjang were observed 
in field plots in Indiana by Gardner (1) in 1925. No attempt was made to 
study the viruses causing these diseases other than to demonstrate that the 
cowpea mosaic was seed-borne (2, 3) . 

Nelson (4) cites the asparagus bean as a host of common bean mosaic 
virus, but others, including Pierce (5), and Zaumeyer and Wade (6), were 
unable to confirm Nelson ^s findings. The recent studies of McLean (8) 
indicate that the cowpea-mosaic virus may cause a mosaic of catjang, but, 
apparently, the asparagus bean was not tested. That the asparagus bean 
virus may differ from the cowpea virus is suggested in the present paper 
by the failure of the former to infect catjang, and by the difference between 
the thermal inactivation points of the two viruses (McLean reports 72° to 
75° C. for the cowpea virus). In addition, the symptoms produced on cow- 
pea have not always been the same as those described for cowpea mosaic. 
These distinctions are not large, and they suggest that closely related viruses 
or perhaps even strains of one virus may be involved in the two diseases. 

On the bases of symptoms, seed carriage, aphid transmissibility, and 
properties, the asparagus bean mosaic 'clearly belongs to the group of viruses 
that cause, respectively, the seed-borne mosaics of common bean (9), soy- 
bean (7) and cowpea (3). Bach of these viruses appears to be restricted 
in nature to one or to a few species, and this also appears to be true in the 
ease of the asparagus-bean virus. Here is an instance where several appar- 
ently distinct virus diseases show a remarkably close relationship in respect 
to cause. In a biologic sense these viruses might well be considered to be 
physiologic forms of the same virus species. They show similar thermal 
inactivation points (McLean’s results on the cowpea virus place it somewhat 
out of line with the other viruses in respect to the thermal inaetivatipn 
point), longevities in vitro, dilution tolerance, seed transmissibility, aphid 
and mechanical transmissibility, and limited host ranges, as well as a simi- 
larity in symptoms. Essentially then, these viruses differ primarily in their 
specialization as to host, and might be considered as variants of a common 
virus, which have become more or less adapted to specific hosts. 

SUMMARY 

A mosaic disease of asparagus bean, Yigna sesquipedalis^ recovered from 
a lot of commercial seed, is described. 

The causal virus was transmitted from diseased to healthy plants both 
by the mechanical inoculation of expressed juice and by the pea aphid. 
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The virus is seed-boriie, and in this respect it closely resembles the viruses 
that cause common bean mosaic, cowpea mosaic, and soybean mosaic. 

Properties of the virus are shown to be as follows : thermal inactivation 
point, between 55° and 60° C. ; longevity in vitro ^ about 2 days ; and dilution 
end point, nearer 1/1000 than 1/3000. 

Division op Plant Pathology, 

University op Calipornia, 

Berkeley, Calipornia. 
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INJURY TO TOMATO SEED IN DISINFECTION 

J. H. MillerandRaymoi^d Grogan 
(Accepted for publication September 6, 1941) 

While making routine tests for germination and contamination of treated 
tomato seed, the senior writer has frequently received preliminary samples 
from commercial houses that showed a very marked loss of viability. Then, 
later examinations of samples from the entire lot treated in bulk often failed 
to show the low germination of the first samples. The method of treating 
was the same in both eases, so it seemed possible that there might be an im- 
portant factor in the ratio between the quantity of seed and the volume of 
solution. 

The object of this investigation then was to determine the effect on 
germination of varying the proportion of seed to solution. The relation of 
this varying ratio to the residual mercury content of the solution will be 
considered in a later paper. 

MATERIALS AND METHODS 

This experiment was divided into the following parts : 

1. The quantity of seed was constant at 10 g., and the volume of solution 
was varied from 10 cc. to that amount of seed, to 100 cc. with 10-cc. inter- 
vals, and then continued up to 500 cc. with 100-cc. intervals. Germination 
tests were run after each trial. 

2. The volume of solution was constant at 100 cc., and the amount of 
seed was varied from 1.5 g. up to 48 g. The intervals were secured by 
doubling the quantity of seed each time. Enough classes were placed in this 
experiment to check the high points of the first. This test reverses the first 
in that it begins with a wide ratio and ends with a narrow one. Germina- 
tion tests followed as above. 

3. Disinfection tests were made from each trial by plating out 200 seeds 
on dextrose-potato agar in Petri dishes and counting the number showing 
contaminations on the fourth day. This was for the purpose of determin- 
ing if there is a relationship between the effectiveness of treatment and the 
varying seed-solution ratios. 

The seed used in this investigation -was Stark’s Earliana variety from 
the 1940 crop. These were nontreated, and handled as ordinary commer- 
cial seed. 

Two standard solutions were used for treating. 

1. Mercuric chloride, C.P., at rate of 1 g. to 3000 cc. of water. Seeds 
were stirred constantly while in the solution, and aften ten minutes they 
were taken out and rinsed in three changes of distilled water, and then dried 
on paper towels, 

2. Ethjd merciuy phosphate, 5 per cent (New Improved Ceresan), at 
rate of 1 g. to 1200 cc. of water. These were treated as above for 10 min., 
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but were dried without rinsing. The concentrations remained constant in 
all trials. 

The germination tests were made in a standard hot- water- jacket germiiia- 
tor. Two hundred tomato seeds from each different solution were placed 
on blotters and counts were made at 4, 7, and 11 days, respectively. 

The entire experiment was executed 3 times, and the curves shown in the 
accompanying graphs represent the average of the three. 

EXPERIMENTAL RESULTS 

There were no material changes in the percentage germination at the 
end of the 4th day (Fig. 1) until a ratio of 1 part of seed to 6 of solution 
had been reached for the Ceresan and 1 to 5 for the mercuric chloride. 
After this both rather consistently caused a decreased germination, and at 
1 to 50 only 1.15 per cent germinated for Ceresan and 0.83 per cent for 
mercuric chloride. The seed treated in the latter solution showed a lower 
germination in all solutions, except fhe 1 to 7 and 1 to 9, when the two were 
about equal. 

The curve of the 7th day (Fig. 1) also shows a decreased germination 
with the widening ratios after 1 to 6 for Ceresan and 1 to 8 for mercuric 
chloride. The 1 to 50 ratio caused a decline to 7.98 per cent for Ceresan 
and 2.33 per cent for mercuric chloride. 



CCs OF treating solution per IO ORANSS of seed 

Fig. 1. Curves showing the effect on germination of varying the ratio between the 
volume of treating solution and the quantity of seed. 

The final germination counts were made on the 11th day and then (Fig. 
1), there was a significant decline in the gradient following a solution of 1 
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to 6 for Ceresan and 1 to 9 for mercnric chloride. When 1 part of seed was 
placed in 50 cc. of solution the final germination was 27.74 per cent for 
Ceresan and 13.0 per cent for mercuric chloride. 

■ In the second experiment, where the volume of solution was maintained 
a constant and the quantity of seed was varied the curves (Pig. 2) are re- 
versed. The wide ratio of 1.5 parts of seed to 100 ce. of solution resulted 
in 1.3 per cent for the 4th day, 3.9 per cent for the 7th and 17.1 per cent 
for the 10th day for Ceresan, and 2.75 per cent, 17.17 per cent, and 34.3 per 
cent, respectively, for mercuric chloride. On the other hand, the narrow 
ratio of 48 to 100 produced a germination of 25.8 per cent, 53.8 per cent 
and 72 per cent for the former treatment and 25.1 per cent, 61.9 per cent, 
and 78 per cent for the latter. 



<SRAM5 OF SEED PEP. lOO CC’s OF TREATIN(5 SOLUTION 

Fig. 2. Curves also showing the effect on germination of different seed-solution 
ratios with the variable being the quantity of seed. 

Both experiments show the same material decrease in seed germination 
following a widening of the ratio, with a critical point at about 1 of seed to 
7 to 9 parts of solution. 
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CONTAMINATION STUDIES 

111 seed treatment tlie two chief points to be considered are effectiveness 
and seed injury. The following table gives the results of plating out 200 
seeds from each trea-ting trial. 


TABLE 1. — The effect on seed contamination of varying the volume of solution 


Seed 

Solution 

Ceresan 

contamination 

Mereurie cMoride 
contamination 

9- 

cc. 

Per cent 

Per cent 

10 

10 

41.8 

20.0 

10 

20 

5.8 

I'.S 

10 

30 

3.3 

0.0 

10 

40 

1.8 

0.25 

10 

50 

0.5 

1.1 

10 

60 

0.0 

0.0 

10 

70 

0.0 

0.0 

10 

80 

0.0 

0.0 

10 

90 

0.0 

0.0 

10 

100 

0.0 

0.0 


No organisms grew from the seed after treatment of 1 to 6. 


TABLE 2. — The effect on contamination of varying the quantity of seed 


Seed 

Solution 

Ceresan 

contamination 

Mercuric cUoride 
contamination 

9- 

cc. 

Ter cent 

Per cent 

1.5 

100 

0.0 

0.0 

3.0 

100 

0.0 

0.0 

6.0 

100 

0.0 

0.0 

12.0 

100 

0.5 

6.0 

24.0 

100 

0.0 

9.0 

48.0 

100 

3.0 

12.5 


This second table was obtained by plating out seeds from the germina- 
tion trials of the second experiment. This shows that no organisms ap- 
peared beyond a proportion of 12 to 100, or 1 to 8|. The wider ratios pro- 
duced complete disinfection of the seed. 

The Ceresan solutions in the contamination studies (Table 1) did not 
produce as efficient disinfection as mer<?uric chloride up to 1 to 4 ratio, and 
in the corresponding germination graph (Fig. 1) the reduction in germina- 
tion is also not so great. Then in table 2 the reverse is shown; that is, the 
Ceresan is ahead of the mercuric in disinfection and the graph (Fig. 2) 
shows a greater decrease in germination. It is, therefore, evident from this 
study that as the treating solution becomes more efficient there is a resulting 
sacrifice of seed viability. This, however, is not a general rule, as past 
laboratory experience has shown that heavily infected seed often germinates 
better after treatment. 
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SUMMARY 

The experimental evidence indicates that when the ratio between quan- 
tity of seed and volume of treating solution is increased above 1 to 8 the 
germination of tomato seed is progressively impaired. 

The curves for Ceresan and mercuric chloride are not significantly sepa- 
rated in figure 1, and in figure 2 the trends are reversed. So one cannot 
logically predict a difference in germination depression between the two 
from the results of this investigation. Both of them, however, show the 
same downward trend of the curves in wide ratios. 

The ratio of 1 to 8 produced complete disinfection and did not cause a 
too serious drop in germination. 

Department of Plant Pathology, 

University op Georgia, 

Athens, Georgia. 



GROWING NEW ROOT SYSTEMS BY SOIL BANKING— A 
PROMISING METHOD OP REJUVENATING TREES 
ATTACKED BY ROOT DISEASES 

Arthur S. Bhoads^ 

(Accepted for publication September 9, 1941) 

Although the life histories of many of the organisms causing root rot of 
woody plants have long been understood, little progress has been made in 
the control of these diseases. As a w^hole, this group of diseases has 
received much less attention by plant pathologists than most other groups, 
and certainly far less than their economic importance merits. In the case 
of the mushroom or toadstool root-rot fungi, it is universally conceded that 
it is difficult to adopt effective control measures and that if trees become 
attacked their treatment is tedious and expensive and the results uncertain. 
However, varying degrees of success have been reported by a number of 
investigators. 

The methods that have been used most widely thus far in the treatment 
of root diseases of w^oody plants have been confined largely to (a) surgical 
treatment, involving excision of all diseased tissues and dead roots, followed 
by painting the exposed w^ood surfaces with various paints, or even all the 
exposed roots with various disinfectants; (b) the aeration method in which 
the soil is removed from under the base of the attacked tree and the adjacent 
main roots to check the development of the causal organism by desiccation; 
(c) application to the soil of various chemicals in an effort to arrest the 
development of the causal organism or eradicate it, preferably without sacri- 
ficing the attacked tree; and (d) the isolation method, accomplished by dig- 
ging of trenches or erection of barriers around infected areas to prevent 
further spread of the fungus through the soil. Various combinations of 
these methods have, of course, been employed. 

The first two of the above methods have proved fairly effective, especially 
when combined, if applied before a large percentage of the roots are killed. 
The third has proved ineffective so far as saving attacked trees is concerned, 
though, if one is prepared to sacrifice the attacked trees and sometimes also 
adjacent unattacked ones, injection of carbon bisulphide in a network of 
holes in the soil has proved an effective means of eradication, at least in light, 
porous, fairly dry soils and under favorable temperature conditions. Even 
with this method, because of difficulty of eradicating the mycelium within 
the interior of large roots, it is recommended that such roots be pulled or 
dug out before treating the soil. The last method, which was suggested for 
combatting the spread of Armillaria mellea before it was found possible to 
eradicate the fungus by soil disinfection, appears impractical. 

This paper is designed to direct attention to the value of another promis- 

1 Formerly Plant Pathologist of the Florida Agricultwal Experiment Station, in 
charge of the Citrus Field Laboratory at Cocoa. 
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iiig method that appears to be not widely Imown or appreciated, though it 
has been used in Florida for several years. It consists in banking soil 
around the bases of attacked trees to stimulate development of new roots. 
The readiness with which citrus trees and many other trees and shrubs 
develop adventitious roots when the soil is worked up above the normal 
ground level has suggested the possibility of utilizing this natural tendency 
to develop adventitious roots as a means. of growing, new root systems on 
trees whose life is threatened by various root diseases. Instances have been 
observed frequently where citrus trees; killed back in the freezes of 1894-5, 
have developed roots in the interiors of the 'hollow shells left by, the rotting 
away of the central wood of the originartrunks, in'the litter accumulated 
therein. Indications of new root development 'are' seen frequently also’ oii 
the exterior of citrus trees, where a callus has formed following' some basal 
injiuy , and the soil has been worked up somewhat above the usual level' 
Several instances have been noted in Florida citrus groves where the soil was 
allowed to remain in place for a few years after banking for cold protection 
during the winter season. " In* such instances, whrii the banks were torii 
down subsequenthq roots as. large as a man^s arm were found to have devel- 
oped, giving the trees a secondary system of brace-roots' similar to Wred 
mangrove (Rhkophora mangle),' 

In 1924, and subsequently, Jeffries (3, 4, 5) reported a method of giving 
citrus trees new root systems through partial ringing, followed by banking! 
This method was discovered following the usual practice of banking, ‘ in the 
fall to guard against freezing, some young trees, w^hich had been partly 
girdled to force bud growth. When the banks were removed at the eiid. of 
the winter season a splendid new root system was found to have developed 
from the margin of the callus formed immediately above the girdle." He 
found this method desirable for giving trees a new^ root system when budded 
to an undesirable rootstock, and preferable to inarching. He also suggested 
the applicability of this method for saving sweet seedling orange trees 
attacked by foot rot. 

In 1926, Hostermann (1) reported that Caragana arhorescens and 
Lahnrnum vulgare could be propagated successfully by ringing followed by 
mounding with soil. Shoots of both plants ringed in August developed 
extensive root systems by November from the callus formed above the 
wounds. He later (2) extended these experiments to 43 species of fruit 
stocks, fruit varieties, nuts, ornamentals, etc. Compared with ringing, a 
tight wire band gave more favorable results wdth respect to callus formation 
and rooting, making possible the vegetative propagation of 31 of the 43 
species. 

In 1926, the writer (6) briefly reported the successful rejuvenation of 
old citrus trees, nearly dead from basal girdling by foot rot (Phytophthora 
parasitica), whieh had been accomplished successfully by a grower at 
Umatilla, Florida, by the simple expedient of merely banking soil around 
the bases of the trees without any preliminary treatment. This experiment 
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was begun on a number of old, half -dead seedling orange and grapefruit 
trees in 1920, and was subsequently extended to other trees after its success 
became apparent. In the initial trees treated, which were first examined in 
1925, a rough framework was built about the base of each tree treated and 
this was filled with two wagon-loads of clay, covering the base of the trunk 
to a height of from 15-18 inches. The framework was used to better retain 
the soil about the bases. Sand has been used for this purpose in various 
parts of the State, but is much more subject to washing away when no 
framework is provided and is less retentive of moisture. In from 2-5 years 



Fig. 1. New roots produced by banking old seedling grapefruit tree nearly dead from 
foot rot, showing how roots developed from margin of callus above old decayed areas have 
bridged the girdle and effected rejuvenation of tree. 


a more or less profuse growth of new roots developed from the margin of 
the callus formed above the bases of the partly girdled trunks. In those 
cases where the soil was washed away for examination about 2 years after 
banking, good-sized roots were found bridging basal lesions where the wood 
had become extensively decayed (Pig. 1). In all eases the trees no longer 
exhibited the thin, yellow^ tops characterizing trees attacked by foot rot, but, 
following the establishment of the new root systems (Pig. 2), had developed 
healthy tops with good fruit production. The trees thus treated in this 
grove still eontinue to thrive. This simple treatment has added many years 
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of productivity to olcl, declining trees that were so badly girdled and rotted 
at the bases that they would soon have died or blown over. This method of 
treatment has been recommended in Florida for the past 15 years, especially 
as a last resort for trees that have declined too far to save by the usual 
methods of treatment. 

The stimulation of the production of a new root system also has been 
found readily applicable to the so-called Australian pines (Casuarina spp.) 
attacked by Clitocybe root rot {CUtocyie iahescens). This disease works so 
insidiously in the Ca^uarmas that trees are often extensively girdled by the 
time a slight yellowing of the foliage branches becomes apparent on the 



Pig. 2. Rejuvenation resulting from banking old seedling grapefruit tree nearly dead 
from foot rot, showing splendid development of new roots after partial washing away 
of hank. 


lower limbs, which is the first symptom to manifest itself in the tops of the 
trees. 

The banking method of treatment was first tried on a tree of Gasuarim 
lepidophloia that had been kept formally pruned to a eylindric shape, being 
one of several such trees in the yard of the writer\s residence at Cocoa, 
Florida. When clipping this tree at the end of December, 1932, it was 
noticed that the lower limbs exhibited a slight pallor of the foliage branches 
and, at the base, a cluster of recently dried mushvoomB of Clitooy’be talescens 
was found. Upon removing the soil to investigate the root system with a 
view to attempting to save the tree by surgical treatment, all the imots but 
three small lateral ones, of finger-size, on one side were found dead and 
invaded by the mycelium of this root-rot fungus. It wms necessary to cut 
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oil and remove all the lateral roots bnt these^, the base of the tree ■with the 
divisions of the taproot, and the basal bark, where the fungus had completely 
girdled the tree. The girdling even involved the 3 small lateral roots at the 
point where they left the root crown. All diseased bark was cut out down to 
the wood and the exposed wood surfaces were painted with a mixture of 
roofing paint and earbolineum. The tree was propped to hold it in position, 
but was blown to the ground the day following the treatment and had to be 
guyed into position with wire. 

It was realized that this tree could not survive after this drastic treat- 
ment without further help. It was thought that if a new root system could 


Eig. 3. New root system developed 4^ years after surgical treatment and banking 
of Australian pine (Casuarina lepidophloia) so nearly dead from Clitocybe root rot that 
all roots except three small lateral ones of finger-size on one side were removed and guying 
was required to hold tree in position. 

be induced to develop from the margin of the living bark above the com- 
pletely girdled base before the 3 remaining small girdled lateral roots ceased 
to conduct sufScient water to keep the tree alive there might be a remote 
possibility of saving it. A well of concrete blocks about a yard square was 
laid around the tree, filled with sandy soil, and watered. Following a pro- 
longed drought, this tree lost a large proportioir of its foliage branches in 
June, 1933, and looked as though it were going to die. However, occasional 
watering enabled it to survive, and, following the development of new roots, 
it began to improve after several months. By the middle of 1934 these new 
roots had so developed that the tree was as firmly anchored as it was origi- 
nally. The well of blocks, therefore, was removed. , 
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When clipping this tree again in late April 1937, the foliage branches 
on the lower limbs were observed to have become distinctly yellow again; 
investigation showed that the tree had become two-thirds girdled by Clito- 
cybe root rot. The remaining mound of sand was washed away with a hose 
on May 16, and figure 3 shows the luxuriant development of new roots at 
this time. 

The tree was re-treated by cutting away all diseased areas of bark on 
the base of the trunk and more than half of the newly developed root system. 
After painting the exposed areas of wood, 2 lb. of hydrated lime were scat- 
tered around the base and the sand was again banked around it. The tree 
soon regained its healthy appearance and has continued to remain healthy. 
When the bank of sand was washed away in June, 1941, to permit examina- 
tion, a new growth of healthy roots, developed from the callus formed above 
where the bark was cut away on the trunk, was found to have filled in the 
gap left by removing the diseased roots approximately 3 years previously. 
Thus, by the simple expedient of banking, following surgical treatment, it 
has been possible to restore this apparently doomed tree to its former health 
and to continue to maintain it for a period of more than 9 years, despite 
reinfection by Clitoeybe root rot. By so doing, it has been possible to pre- 
serve the ornamental value of a row of formally pruned trees in which the 
loss of a central one would have proved highly objectionable. 

It is not known how this tree became infected again, as it was thoroughly 
treated at the end of 1932, tvhen a small piece of oak root infected by the 
Clitoeybe root-rot fungus was found under it and removed. One other for- 
mally pruned Australian pine similarly treated subsequently for Clitoeybe 
root rot also became reinfected after the development of an excellent new 
root system was induced by banking following surgical treatment, but had 
declined to such an extent when the disease was observed that re-treatment 
and banking failed to save it. However, drought was an important factor 
in its death. Other trees of Casuarma lepidophloia attacked by Clitoeybe 
root rot, including both formally pruned and unpruned ones, have been 
saved, without evidence of reinfection, for periods of several years by sur- 
gical treatment followed by bankingi Cutting back the tops of treated trees 
was not necessary, even on unpruned ones. 

In resorting to the banking method of treatment to save trees attacked by 
root diseases, it is advisable to treat the trees before they become girdled. On 
January 29, 1936, a far-fetched attempt was made to save another formally 
pruned tree of Casmrina lepidophloia^ observed to be completely girdled by 
Clitoeybe root rot 2^ months previously. In treating this tree it was neces- 
sary to excise the bark entirely around the base of the trunk up to a height 
of 18 inches on one side and 27 inches on the other. The entire I’oot system 
was found to be dead from invasion by the fungus, but some roots had to be 
left to support the tree. A well of bricks about a yard square was laid 
around the base of the tree and filled with sand to a point well above the 
highest excised bark. This tree began to shrivel and die by March 15, and 



1942] Rhoads: Rejuvenating Root-diseased Tbees 535 

on March 30 the bricks were removed and the bank torn down to examine 
the extent of new root development. Several masses of tender roots, some 
as much as 12 inches long, were found to have developed from the lowest 
margin of callus formation and a few straggling ones higher up on the trunk 
in the period of two months following surgical treatment and banking. 
This, of course, was an extreme ease and is cited to show the extent of root 
development that may be expected in a short time, even with the tree nearly 
dead. 

The rejuvenation by banking of attacked trees following surgical treat- 
ment is by no means limited to citrus trees and Australian pines. It has 
been tried with considerable success by the writer and growers whom he 
has had occasion to advise, on a variety of trees, both large and small, and 
also on shrubs attacked by Clitocybe root rot, The results here reported 
have been secured under extremely droughty soil conditions and it is believed, 
that even more favorable results would be secured in soils where favorable 
moisture conditions prevail. The method appears to be applicable to any 
woody plant that develops adventitious roots readily. 

DISCUSSION 

Surgical treatment or aeration, or the use of these in conjunction, is 
effective in arresting the progress of the disease. However, while such pro- 
cedure may eradicate the infecting fungus, it does not assist trees handi- 
capped by the loss of a large portion of their root systems to recover. The 
value of the soil-banking method of treatment is, therefore, apparent, as 
shown by the examples cited. In addition, it soon reduces or eliminates the 
possibility of the trees blowing over. It is essentially a natural method of 
inarching which has proA^ed far superior to the usual method. It is possible 
that the use of some hormone-like substance to stimulate root development 
might be desirable, though excellent results have been secured on a variety 
of trees and shrubs thus far treated without recourse to such agents. 

Soil-banking is diametrically opposed to the aeration method for control 
of root diseases. Since banking tends to favor the continued development 
of such diseases, it is a wise precaution ordinarily to first eradicate the dis- 
ease by surgical treatment and disinfection and follow this by brief aeration. 
This is particularly advisable in the ease of the mushroom or toadstool root 
rots, wRich are more difficult to control than other root diseases. In the 
control of foot rot of sweet seedling orange trees, aeration alone has proved 
very effective, since it appears to attack merely the bark. In many cases the 
disease appears to run its course after a time but the trees become weakened 
as a result of invasion by various, purely secondary, wood-rotting fungi. 
In long-standing cases of this disease on old trees, there are so many dead 
and rotted roots that no longer harbor the pathogenic organism, and so much 
decay in the bases of the trees, that painstaking surgical treatment is imprac- 
ticable. With such trees, which would soon succumb or blow over ordinarily, 
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the simple expedient of banking has been found to greatly prolong their life 
and productivity. 

SUMMARY 

The present well-known methods for the treatment of trees attacked by 
root diseases are discussed and evaluated. 

Attention is called to the usefulness and practical value of a little-known 
natural method of inarching whereby trees and shrubs extensively girdled 
by root diseases may be rejuvenated by soil banking, either alone or in con- 
junction with previous surgical treatment, disinfection, and aeration, to 
stimulate the development of a new^ root system above the partially girdled 
bases. 

The results secured by the use of this method on citrus trees and Austra- 
lian pines are described and illustrated and its applicability indicated for 
use on woody plants that develop adventitious roots readily. 

This soil-banking method offers the only known practical means of saving 
old sweet seedling orange trees in’ which the disease appears to have run its 
course and which have deteriorated to such an extent that painstaking 
surgical work is not justifiable. 
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MOSAIC OF CELERY CAUSED BY THE VIRUS OF 
ALFALFA MOSAIC 

William C . Snyder and S a it l Rich 
(A ccepted for publication September 24j 1941) 

In 1937 the writers observed that healthy plants of celery {Apiiim 
graveolens L.)^ artificially inoculated in the gTeenhonse with the virus of 
alfalfa (Medicago sativa L.) mosaic, developed a bright yellow mottle of a 
calico-like mosaic. Since that time, repeated inoculations have been made 
using alfalfa-mosaic virus of several sources collected from different areas 
in California, with the same kind of results. The writers make no attempt 
here to identify this mosaic with celery calico (1, 2), pseudocalico (3), or 
any other mosaic of celery previously reported, but describe it in the belief 
that it may be one of those involved in the complex of naturally occurring 
celery viroses. It is recalled that Black and Price (8) recently demon- 
strated that calico mosaic of potato may be caused by the virus of alfalfa 
mosaic. 

Zaumeyer (4) apparently did not include celery in his host-range studies 
of the alfalfa-mosaic virus, nor did Price (5) report any test of this viims 
on celery in his comprehensive investigation of host ranges. 

Pour California sources of the alfalfa-mosaic virus were used in produc- 
ing mosaic of celery in greenhouse studies on the host range of the virus. 
These inocula were obtained from field specimens of alfalfa growing in the 
Sacramento Valley, the Salinas Valley, and near Santa Maria and Riverside, 
respectively. Each of the original infected- plants showed typical symptoms 
of alfalfa mosaic of the type illustrated in figure 1, A. The properties of 
the virus, determined for one of the collections, was found to be as follows: 
temperature inactivation point, 60-65° C. ; dilution end point, 1/2000- 
1/3000 ; longevity m vitro, 3-5 days. The aphis transmissibility of the virus 
was demonstrated b}" means of the pea aphid, IlUnoia pisi Kalt. 

Infection was obtained by juice inoculations with the aid of carborundum 
as an abrasive, after the method of Rawlins and Tompkins (9). The amount 
of transmission obtained was usually low, but in a few trials it ranged as 
high as 50 per cent or more. Celery of the Golden Self Blanching type was 
used throughout. The inoculum for these trials was prepared by extracting 
the juice from Vicia fab a L., Petunia hybrida Vilm., Trifolkim repens L., 
and fnifea AIL, respectively, artificially infected in each ease by 

the alfalfa-mosaic virus. Successful transmission of the virus from celery 
to celery also was accomplished. The recovery of alfalfa-mosaic virus from 
celery was generally easier than its establishment in celery, and was obtained 
either systemically or in local lesions by mechanical inoculation of such host 
plants of the virus as Medicago sativa L., Yicia faba, Vigna sine^isis End!,, 
F. VV'ight, Glycine max Merr., Petimia hybrida, Lathynis 

odorattis h., and Trifolmm repens. The symptoms of the recovered virus 
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Phytopathology 


Symptoms of alfalfa mosaic virus produced by artificial iuoculatiou on com- 
mon altalt% A, and on celery, showing mosaic on outer leaves, B, E, and P, and on an 
inner leaf, i). The leaf shown at C is from a healthy plant. 
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on these plants were the same as those obtained before its passage through 
celery, and, on alfalfa, were typical of alfalfa mosaic (Fig. 1, A). 

The symptoms induced by alfalfa-mosaic virus on celery (Fig. 1, B-F) 
consist of a mild to conspicuous yellow-green mosaic, principally of the outer 
leaves. In some cases, however, the inner leaves also show symptoms. 
When the symptoms are most marked, the affected leaf presents a striking 
calico-like pattern of lemon yellow patches on a normal green background. 
A mild blister effect often is associated with the occurrence of green islands 
of tissue in the yellow areas ; and, in severe cases, a tendency to leaf distor- 
tion or a backward roll of the leaf may be observed. In early stages of the 
disease, vein clearing or a yellowing of the veins is often apparent. In later 
stages, yellow or cleared rings and halos may occur, surrounding areas of 
green tissue. 

The appearance of symptoms on inoculated celery was sometimes slow, 
some inoculations requiring a month before the symptoms were well defined 
under the conditions obtained in the greenhouse. Sometimes, after 3 or 4 
months from the time of inoculation, the symptoms faded out or changed to 
a general chlorosis, but the virus was still recoverable from such plants. A 
similar phenomenon was reported by Porter (6, 7) for potato calico and is 
well known for alfalfa mosaic. 

It is suggested that there may be a direct relationship in the field between 
alfalfa mosaic and the calico-like mosaic of celery described here, especially 
when celery is grown in the vicinity of diseased alfalfa. Circumstantial 
evidence in support of this view is found in the observation that a calico-like 
mosaic frequently is found on celery in areas in which alfalfa is widely 
grown. 

Division op Plant Pathology, 

University op Calipornia, 

Berkeley, California. 
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The Perfect Stage of Phomopsis vexans. — The fuagus, Phomopsis vexans 
(Saec. and Syd.) Harter, has been known since 1912^ to cause one of the 
most important diseases of eggplant {Solmum melongena L. var. esculen- 
tum). This pathogen and the disease, variously known as tip over, leaf 
blight, fruit rot, leaf spot, stem blight, and eggplant blight, that it causes 
have been studied by numerous investigators, among whom were Sherbakofl,^ 
Edgerton and Moreland,® Nolla,^ Palo,® Toole, B. H. et al.,^ and Howard and 
Desrosiers.’ It has never been reported present on any other host plant. 



Fig. 1. A stroma bearing clustered, beaked perithecia of Biaporthe vexans growing 
on 2 per cent potato-dextrose agar, x 17.5, 

To date the perfect stage of this fungus has not been described, but mycolo- 
gists have long suspected that eventually it would be included in the genus 
Diaporthe, This is indicated by Wehmeyer as follows: ^‘The imperfect or 
Phomopsis stages of several species of Diaporthe are known ... to be the 
cause of serious diseases of several plants : for instance, D. Citri (Phomopsis 
citri) ... ; D, phaseolonm . . . ; D. sojae . . . ; and D, l)atatatis. . . . 

^Harter, Xi. L. Fruit-rot, leaf -spot, and stem-bligbt of the eggplant caused by 
Phomopsis vexans. Jour. Agr. Ees. [XJ.S.] 2: 331-338. 1914. 

2 Sherbakoff, 0. D. Report of the Assistant Plant Pathologist. In Fla. Agr. Exp. 
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spalo M. A. The disease of eggplant and its control. Philipp. Jour, 

Agr. 7; 1-15. 1936. 
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In these species the perithecial stage is rarely found or is known only from 
culture” (p. 3).® 

In November, 1939, while making comparative studies of several isolates 
of Phomopsis vezans growing on 2 per cent ' potato-dextrose agar, it was 


Fig. 2. Asei and aseospores of Biaporthe vexans showing: A. Apical pore. x880. 
B and C, Guttulae, septation^ constriction, bluntness, and arrangement of spores. x 920. 

observed that one of these was producing characteristically beaked struc- 
tures not so superficial as the usual loosely gregarious pycnidia characteristic 
of other isolates on the same media. About 2 weeks later, and when the 
cultures were 6 weeks old, perithecia were observed embedded in the car- 
bonaceous stromatous tissue, which was likewise partially embedded in the 
agar. This was again observed on another isolate in November, 1941. 

sWehmeyer, L. E. The genus Biaporthe Nitschlce and its segregates. TJniv. of 
Michigan Press, Ann Arbor. 349 pp. 1933. 
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These perithecia, occurring usually in clusters, were from 130 to 350 }j in 
diameter. The beak-like structures, ostioles, were carbonaceous, sinuate, 
irregular and from 80 to 500 [j long (Pig. 1). The asci produced in these 
perithecia were 8-spore, clavate, sessile, 28-44 x 5-12 (av. 36 x 8.9) p, hyaline, 
with thin walls, and apex slightly thickened and pierced by a narrow pore. 
The spores were biseriate, hyaline, narrowly ellipsoid to bluntly f usoid, quite 
uniform in size, 9-12x3.0-4.4 (av. 10.8 x3.7) jj, bieellular, constricted at 
the septum with each cell usually containing two guttulae (Pig. 2). In all 
respects, this fungus, isolated on two occasions from eggplant stems exhibit- 
ing characteristic symptoms of ‘'tip over,’’ from Marion County, Plorida, 
is, in appearance, a typical Diaporthe. Pifty subsequent single-spore cul- 
tures from the same strain produced similar perithecia bearing asci and 
ascospores identical with those observed earlier. 

Numerous lots of eggplant seedlings were inoculated with suspensions 
of crushed perithecia, or with ascospore suspensions made from the exudate 
taken from the tip of the elongated ostioles of perithecia, produced in the 
single-spore cultures just mentioned. Characteristic lesions with typical 
pycnidia on leaves and stems resulted from these inoculations ; these were 
similar to those produced by parallel inoculations with pycnospore suspen- 
sions ot Phomopsis vexans. Apparently, however, even though numerous, 
the spots and lesions resulting from inoculations with the perfect stage were 
not so abundant as those resulting from inoculations with the imperfect 
stage of the fungus. To date, the peritheeial stage of this fungus has not 
been observed on the host plant. 

In view of the evidence herein presented the binomial Diaporthe vexans 
(Sacc. and Syd.) n. comb, is proposed for the perfect stage of the fungus 
causing the “tip over” disease of eggplant. — ^L. 0. Gratz/ Department of 
Plant Pathology, Agricultural Experiment Station, tJniversity of Plorida, 
Gainesville, Plorida. 

Influence of Temperature on the Expression of Big-vein Symptoms in 
Lettuce. — ^Big Vein, a disease of lettuce, was first described and named by 
dagger and Chandler^ who found it causing some loss in the Imperial Valley 
of California. While they stated that the cause of the disease was unknown, 
their observations indicated that the causal factor was soil-borne and per- 
sisted for extended periods in field and greenhouse soils. Since the appear- 
ance of their paper, no further investigations of the disease have been pub- 
lished. 

In visiting lettuce fields in states along the Atlantic Seaboard during the 
last five years, the senior writer has observed in New Jersey, Maryland, and 
North and South Carolina what appeared to be big vein, and it seems prob- 
able that it may occur in other lettuce-growing sections in the East. At 

9 The writer is indebted to Erdman West, Mycologist, Plorida Agricultural Experi- 
ment Station, for helpful suggestions relative to this work, 

^ 'tagger, I. C., and Norman Chandler. Big vein of lettuce. Phytopath. 24: 1253- 
1256. 1934. ^ 
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Beltsville, Maryland, the disease has frequently been noted in experimental 
lettuce plantings in both field and greenhouse. 

During the fall and winter of 1939-40, big vein appeared on a number, of 
lettuce plants in the greenhouse at Beltsville, where the development of the 
symptoms was such as to indicate that temperature definitely affects mani- 
festation of the disease. The group of lettuce plants in which the disease 


Fig. 1. Effect of temperature on expression of big-vein symptoms in lettuce. A. 
Leaves from base of seed-stem produced at fairly bigb temperatures (day, 65° to 75° F. ; 
night, 50° to 60° F.) and showing no evidence of disease. B. Leaves from segment of 
stem directly above A produced at lower temperatures (day, 50° to 60° P.j night, 45° to 
50° F.). These show pronounced big-vein symptoms. C. Leaves grown on segment of 
stem above B at same temperatures as A. Note that symptoms are again suppressed. 
(Photographed by transmitted light.) 

appeared was grown in 10-inch clay pots and held in a section of the green- 
house where, during the day, the temperature was originally maintained 
between 65'' and 75° F., while at night it ranged from 50° to 60°. Occasion- 
ally the day temperature exceeded 75°, but only for short periods. When, 
the lettuce plants had reached the stage of seed-stem elongation, it was neces- 
sary to reduce the day temperature to 50° to 60° and the night temperatures 
to 45° to 50°, because of the requirements of other experimental material 
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grown in tlie same greenhouse section during this period. The temperatures 
thus maintained for 3 weeks” were then raised to the original day and night 
ranges, and there held as nearly as possible until the plants reached maturity. 

At the time the temperature was lowered all the plants were large and 
vigorous, of good color, and the leaves showed no evidence of disease (Fig. 
1, A) . At this time the seed stems of most of the plants had reached a height 
of 12 to 15 inches. During the succeeding 3 weeks at the lower tempera- 
tures, these stems made an additional growth of 8 to 12 inches. In certain 
of the plants all of the new leaves produced on that portion of the stems 
developed during the low-temperature period showed an enlargement of the 
vascular regions of the petiole and leaf blades. These areas were almost 
devoid of chlorophyll, and, when examined by transmitted light, a pro- 
nounced vein-banding was evident throughout the leaf. All of the affected 
leaves also were abnormally savoyed. These symptoms (Pig. 1, B) are all 
typical of the big-vein disease as described and illustrated by dagger and 
Chandler^ and it would appear that the plants showing such symptoms were 
infectedbefore the temperatures were lowered. 

When the greenhouse temperatures were again raised to 65° to 75° F. 
during the day and to 50° to 60° P. at night, the leaves first produced on 
those portions of the stem that developed after the temperature was raised 
showed some faint evidence of the vein-banding and savoying described 
above. As more leaves were produced, however, the later growth was 
normal in appearance and could not be distinguished from the foliage 
formed during the previous high-temperature period (Pig. 1, C). None of 
these later leaves showed any evidence of big-vein symptoms during the life 
of the plant, although the symptoms remained unchanged in the leaves of the 
low-temperature period. 

These observations seem to indicate that the expression of big-vein symp- 
toms in lettuce is greatly influenced by the air temperature prevailing at the 
time the leaves are in process of development. This belief has been con- 
firmed by other observations on plants grown in the greenhouse and field at 
Beltsville, and is also supported by dagger report^ that the symptoms of 
the disease were more pronounced and the percentage of diseased plants was 
possibly higher in crops grown in the Imperial Valley during the fall and 
winter months. — Ross C. Thompson and S. P. Doolittle, IT. S. Horticultural 
Station, Beltsville, Maryland. 

Sorghastmm, Host of an TJndescrihed Smut } — The Sorghastrum^ 

Indian grass, is abundantly represented throughout Virginia by SorgJias- 
trum nutans, (L.) Nash. The long-awn Indian grass, 8. elUottii, (Mohr) 
Nash, however, has been reported only in the Coastal Plain. 

While on a fall collecting trip for vascular plants the senior writer found 
a small colony of Sorghastrum that showed a high incidence of head smut. 

^ Cooperative Wildlife Research Unit, Dept. Biology, Virginia Poly. Inst, and Depart- 
ment of Plant Pathology, Agri. Extension Service, Penn. State College. 
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The location of the colony being in the Piedmont province, 125 miles west 
of the Coastal Plain, little attention was given to the species of the host. 
With attention focused on the infection, the host was arbitrarily accepted 
as nutans. Later, on examining the host, it was definitely identified as 
long-awn Indian grass, Sorghastrum elUottii, and thus the known range of 
the host species in Virginia was extended. The frequency of the occurrence 
of S. mdans over the State in contrast to that of S. elliottii probably explains 
why the smut had not been found previously, and especially, since host 
specificity is indicated. Host specificity is further indicated by the subse- 
quent discovery of the disease on the same host in Georgia. 

Prom the general appearance of the infection and the close relation of 
the host to Sorghum, the field impression was that of sorghum smut on a 
new host. When visiting Washington a few days later the material was 
shown to C. L. Shear and J. A. Stevenson of the Division of Mycology and 
Disease Survey. They expressed the opinion that Sorghastnm was a 
rare host for smut and that the smut probably w^as an undescribed species. 
Stevenson sent some of the material to the junior writer who reported that 
he not only considered Sorghastrum a rare host for smut but that the fungus 
was an undescribed species of Sphacelotheca. He was then asked to prepare 
a description of the new species for inclusion in this report. The name 
Sphacelotheca sorghastri is here proposed and described as follows • 

Spliacelotheca sorghastri Zundel nov. sp. 

Sori destroying the inflorescence, long linear, 7-10 cm. long, 3-4 mm. wide, at flrst 
protected by the leaf sheath, covered by a thick, yellowish membrane that flakes away, 
exposing a dark-brown, semi- agglutinated spore mass surrounding a compound columella 
of 7 or more branches extending the length of the sorus; membrane disintegrating into 
sterile cells, singly, in chains or in groups, globose to subglobose or ellipsoidal, flattened 
by mutual contact, hyaline, chiefly 7.5 to 14 p, diameter, vacuolated, thin epispore ; spores 
globose to subglobose, regular, light olivaceous-brown, chiefly 7.5 to 10.5 p diameter, 
abundantly and minutely echinulate, thin epispore. 

On Sorghastrum elliottii (L.) Nash, Moses Mill Pond, 2 miles west of Chatham, Pitt- 
sylvania Co., Virginia. Coll. A. B. Massey. 5059 Sept. 5, 1941. 

Latin diagnosis by Edith K. Cash of the Bureau of Plant Industry, 
U.S.D.A. 

Sphacelotheca sorghastri Zundel nov. sp. 

Sori inflorescentias destruens, longe lineares, 7-10 cm. longi, 3-4 mm. lati, primum 
vagina, folii inclusi, membrana crassa flavida tecti; membrana frustulatim defrigens et 
massam sporarum nigrobrunneam, subagglutinatam denudans ; columella e ramis 7 vel 
pluribus per longitudinem totam sori extensis eompositis ; membrana in eellulis sterilibus 
singularibus, catenulatis, vel aggregatis, globosis, subglobosis vel ellipsoideis, pressione 
inter se applanatis, vacuolatis, episporio tenui disrumpens; sporae globosae vel sub- 
globosae, regulares, pallide olivaceo-brunneae, plerumque 7.5-10.5 p diam., dense et 
minute eehinulatae, episporio tenui. 

In florescentiis Sorghastri elliottii (Mohr) Nash, prope Chatham, Virginia. 

Since studying tbe material and describing tbe fungus as a new species, 
Zundel has received a specimen of tbe same smut on S. elliottii iiom Georgia. 
This was collected by Messrs. J. H. Miller and G. B. Thompson at Camp 
Willkins, Athens, Georgia, on October 14, 1941, thus indicating that the new 
species of Sphacelotheca is well distributed with its specific host. 

The two species of Sorghastrum reported in Virginia are of little or no 
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economic importance. In tlie Great Plains Sorghastrum nutans is an im- 
portant constitnent of tail-grass hay and is considered rather nutritions. 
In Virginia, however, it is not recognized as a hay grass. It occurs through- 
out the State, but usually only in small clumps or patches. The most exten- 
sive natural field development of this species has been observed in the Trias- 
sic area of northern Virginia, especially in Prince William and Fauquier 
Counties, where it occurs in fields of considerable acreage. It also has been 
observed on banks and slopes in several places in the State, effectively check- 
ing erosion. 8, elliotti% on the other hand, has been reported previously in 
only a few Coastal Plain counties in Virginia ; hence, it is of even less impor- 
tance. The Sorghastrum smut, therefore, would be classed as of negligible 
economic importance. It does, however, present an attractive problem in 
the biology of a smut of a perennial grass. — A. B. Massey and George L. 
ZuNDEL, Virginia Polytechnic Institute, Blacksburg, Va., and Pennsylvania 
State College, State College, Pa. 

A Method of Mounting Cultures of Fungi for Freservation in the Her- 
larnm. — It has been the custom in various institutions to file as herbarium 
specimens Petri-dish agar cultures of fungi. The agar removed from the 
dish is dried down on a sheet of paper or cardboard and then placed in a 
herbarium packet. This method has, at least, two disadvantages: (1) the 
agar sheet curls and shrivels, on drying, often becoming cracked or other- 
wise damaged; (2) the cultures thus mounted cannot be observed advan- 
tageously under the microscope by transmitted light. 

Kecently the writer has found that celluloid makes a more satisfactory 
mounting base than does paper or any of the other materials known to have 
been utilized previously for this purpose. Though the procedure followed 
iii making such mounts is simple, it is outlined in detail below. 

The celluloid^ after being washed in soap and water, is rinsed, dried, and 
cut into squares of a diameter exceeding slightly that of the Petri dish. 
The agar medium with its mycelial mat^ is lifted from the Petri dish with a 
spatula, laid in the center of the celluloid square, and allowed to dry. Within 
3 days at room temperature ranging from 20^^ to 25° C., the agar is suf- 
ficiently dry to permit filing the mount in a herbarium packet. 

The agar becomes firmly attached to the celluloid and, thereafter, will 
withstand a remarkable amount of twisting and bending. Mounts prepared 
in this manner were stored at relatively high temperatures (30-40° C.) 
for 10 days without the cultures cracking or peeling away from the base. 
However, the whole culture may peel off if the fungus is allowed to grow to 
the edge of the dish before being mounted. It is best to make the mount 
while there is still a peripheral strip of uncontaminated agar, at least i in. 
wide, around the thallus. If it is desirable to mount older or larger cul- 

1 Obtained from the DuPont Viscoloid Oo., Arlington, New Jersey, with the follow- 
ing speeifications: 0.01 in. thick, transparent, color 7511, and HH finish. 

2 The fungi (Stempliylium sp., Gephalosporium sp., and Colletotrichnm sp.) were 
growing on 2 per cent potato-dextrose agar, poured to a depth of approximately i in. in 
the Petri dishes. 
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tures, it may be necessary to apply first an adhesive or a fixative to the cel- 
luloid. 

The cost of such celluloid bases is estimated at slightly less than one 
cent each (50 cents per sheet measuring 20'' x 50") . 

Cultures preserved on celluloid can be examined by transmitted light 
under a cover slip if a drop of water, lactic acid, or other mounting fluid 
first be placed on the specimen. The gross characteristics, e.g,, zonation, 
chromogenesis, etc., can be studied almost as well as in the fresh condition.— 
M. B. Linn, Department of Plant Pathology, Cornell University, Ithaca, 
New York. 



AMERICAN PHYTOPATHOLOGICAL SOCIETY 
SUMMER MEETING 

Secor Hotel, Toledo, Ohio 
June 25-26, 1942 

In the rapidly changing times participation in war emergency meetings 
should be encouraged. The summer meeting of The American Phytopatho- 
logical Society is definitely a war emergency meeting. It will deal with 
''The role of plant pathologists in a war emergency program.” Emphasis 
will be placed on activities of the Society's War Emergency Committee. 
Everyone will be intensely interested in the progress made by this committee, 
and ill assisting in formulating future activities. 

Attend the summer meeting and be informed. 


Tentative Program 

Secor Hotel 
Toledo, Ohio 

June 25 

10 : 00 a. m. The role of plant pathologists in the war program. Sum- 
marized by the War Emergency Committee, E. C. Stakman, Chairman. 

1 : 30 p. m. Round-table discussion on spray-material and spray-equip- 
ment priorities and substitute materials. This will include reports by 
members of the Society and representatives of industry. J. S. Horsfall, 
Chairman. 

3 : 30 p. m. Demonstration of techniques used in determining physical 
properties of dust mixtures and performance of dusting equipment. Co- 
chairman, J. D. Wilson, Ohio Experiment Station, and Frank Irons, U. S. 
D. A., Engineering Laboratory, 

7 : 30 p. m. Opportunity for regional or special committee meetings. 

June 26 

10 : 00 a. m. Discussion on extension, research and teaching policies dur- 
ing present emergency. — ^Leaders : H, B. Barss, 0. D. Burke, N. E. Stevens. 

1:30 p. m. Summary of program, policies and future activities of the 
War Emergency Committee. (Members of the executive committee in 
charge.) 

Opportunity will arise in various sessions for a discussion of quarantines, 
the draft, disease surveys, and other subjects that the War Emergency 
Committee, or members desire. 


An extensive list of Institutions, Societies, and Research Workers in the 
pure and applied plant sciences in C. and S. America has been prepared by 
the Editors of Chronica Botaniea, in cooperation with the Div. of Agricuh 
ture of the Office of the Coordinate; of Inter- American Affairs, Washington, 
D. C. It has been published in Chronica Botaniea, Vol. 7, no. 2 and 3 
(March and May, 1942). 




IVAN CLAUDE JAGGEE 

lioiise at the base of one of these drumlins and overlooking a peat bog not 
many miles from Marion, New York, there was born on August 12, 1889, 
to Claude N. and Alvinette ( Andrew) dagger their first of four sons. He 
was named Ivan Claude. 

The peat bog, which had supported a growth of mint of sufficient extent 
to support a still for the production of oil, was brought under tillage during 
the youth of Ivan * and on it was produced lettuce, celery, onions, carrots 
and other vegetable crops. Thus the technique of successful vegetable cul- 
ture was ingrained by everyday observation and experience. 
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IVAN CLAUDE JAGGER 
1889-1939 


The geological formations knowm as drumlins are a characteristic of the 
landscape along the southern border of Lake Ontario. Between these elon- 
gated hillocks were deep bogs which at the present time are intensively 
cultivated peat lands known throughout the region as muck. In a farm- 
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Early sdiooliiig: was finished in 1907 after a course in the high school 
at Marion, a course devoid of science except for mathematics. It was at 
just this time that the State of New York had come to the support of higher 
education in agriculture by the expansion of a department of agriculture in 
Cornell University into a College of Agriculture with new buildings and an 
enlarged staff with L. H. Bailey as Dean. H. H. Whetzel came to the College 
in 1906, H. J. Webber in 1907 and B. M. Duggar in 1908. 

On September 24, 1907, Ivan dagger matriculated as a '‘regular’’ stu- 
dent in the College of Agriculture and undertook 19 hours of work including 
botany, chemistry, zoology, entomology, and two courses in mathematics. 
On the basis of excellent work, he was recommended for graduation at the 
end of the seventh semester in order to enter the Graduate School. The 
degree of B.S.A. was granted in 1911 and was conferred in absentia, dagger 
was already in a field laboratory near Elmira, New York, engaged in a 
project for the improvement of the potato crop. The following year he 
undertook work on an Industrial Fellowship to investigate the downy mildew 
of onions, caused by Peronospora destructor; but when the disease failed to 
appear his time was fully occupied with a lettuce disease, the leaf spot dis- 
eases of celery, with the smut of onions and a variety of other diseases of 
vegetable crops. The first two studies ultimately led to publications with 
the description of Sclerotinia minor and of Pse%idomonas apii [Phytomonas 
jaggeri (Stapp) Magrou]. The work with TJrocystis cepulae^ Xhe smut of 
onions, led to interesting developments and these were to be incorporated 
in a thesis to be presented in partial fulfillment of the requirements for a 
Doctor’s degree. The preliminary work on this thesis was used as the basis 
for a Master’s degree, which was granted at the University of Wisconsin in 
1913 following a year of work there, but a permanent record in the form of 
a thesis was not made. In the spring of 1914 dagger suffered a severe attack 
of pneumonia, which, coupled with severe chronic asthma, prostrated him 
for several months. The dissertation was never written and the studies of 
the smut organism are lost. The disease was just beginning to appear in 
these newer areas and by his timely work on smut control, dagger unques- 
tionably made it possible for thousands of growers to preserve their land 
for onion culture with negligible losses and at trifling expense. All of his 
work with onions is reported in 204 words in an Extension Bulletin treating 
of the diseases of vegetables, a bulletin which was compiled with much con- 
scientious effort as a distasteful duty. 

The studies of TJrocystis cepulae were put aside for, in the meantime, 
duly 1, 1914, dagger had been appointed assistant professor in the College 
of Agriculture at Cornell and instructor in Biology at the University of 
Eoehester, a cooperative endeavor by the two institutions in an attempt to 
see whether something could be done about the diseases of vegetables at 
Irondequoit, the vegetable garden for the city of Rochester, The "curl” 
of cucumbers was soon demonstrated to be a communicable disease and not 
a case of malnutrition, as had been supposed. His research was confined 
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largely to the mosaic diseases of cucurbits, but bis knowledge of diseases of 
vegetables and particularly bis knowledge of bow to be helpful without being 
obtrusive did a great deal to improve the plant sanitary conditions in this 
area of intensive crop production. 

The conditions for work at Rochester were ideal in respect of research 
facilities, as well as the physical requirements of a chronic asthmatic, but in 
June, 1917, Jagger joined W. A. Orton's small army of inspectors and crop 
protectionists and was promptly sent to Florida where help was needed in 
the control of celery and lettuce diseases. It did not take long to develop a 
system of treatment which greatly improved the quality of the celery and 
the method is still employed in that area. Lettuce mosaic was investigated 
and a brief report made. 

The asthma persisted and at Orton's suggestion Jagger went to Southern 
California in 1922, particularly in the hope that the climate would be benefi- 
cial to his health, but specifically to investigate an unknown disease of lettuce 
which was threatening the infant industry in the Imperial Valley, dagger's 
own account of this brown blight" disease has appeared posthumously in 
"a recent volume of Phytopathology but the practical results of his work 
are seen in the 8,000 carloads of lettuce w^hich annually have moved out of 
the Valley to markets all over the United States. Both hybridization and 
selection within existing lines yielded highly resistant sorts, but the selection 
process in the hands of an experienced lettuce grower gave the practical 
result desired in a remarkably short time. In 1926, seeds were available 
to producers of seed. The growers had clamored for seeds in 1924, but 
Jagger insisted on one more year of testing. The clamor was then carried 
to Washington where a congressman tried to obtain seeds from W. A. Orton. 
Orton sent a telegram to Jagger and got back the reply, ‘‘one more year of 
testing." And so it was. 

Upon releasing the lettuce seeds to producers, Jagger felt justified in 
taking the first vacation he had^had since entering the profession. The year 
1926 was spent quietly and with singular physical comfort studying, as an 
International Education Board Fellow, principally in the glass houses in 
England. But when he returned to California it was obvious that the 
work he had already instituted on the development of lettuce varieties that 
were immune to the mildew disease, caused by Bremia laciucde, must be 
pushed with vigor else the expanding acreage devoted to lettuce culture 
might have to be abandoned entirely. Furthermore, the powdery mildew of 
melons, caused by Erysiphe cichoracearumj becoming increasingly de- 
structive, and required attention. In 1930, in response to an inquiry, Jagger 
wrote as follows: “Prospects of a trip East for me are far in the distance. 
We are breeding disease resistant melons and lettuce, two generations of let- 
tuce and three generations of melons each year, on limited funds and assis- 
tance. That leaves no time for anything except breeding melons and let- 
tuce." A mildew-immune lettuce acceptable to the trade was produced only 
to have a new biological race of the parasite appear and make further work 
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necessary. For tlie present the lettuce mildew is subjugated and at the time 
of his death the melon mildew appeared to be under control. The recent out- 
break of mildew on melons strongly suggests the introduction of a new bio- 
logic race of this organism, and assuredly suggests the dagger technique for 
overcoming it. It was dagger’s nonconforming isolate of Collet otrichum 
Undemuthianum that forced M. P. Barrus to further studies and the classic 
announcement that biologic races of this organism exist. 

Ivan dagger was a most congenial companion and no one ever could so 
much as question his absolute honesty and sincerity. Although he never 
held a teaching position, he was, in fact, very effective in the field of adult 
education, dust as he found time to give attention to dozens of minor dis- 
eases of vegetables, so in all of his experiments, he took opportunity to 
include some things which he considered to be demonstrations and to which 
he could lead interested growers. His contacts with his colleagues were 
relatively limited. During his student days he attended all of the meetings 
of our Society and made a contribution to the program. He also became a 
sustaining life member of the Society in those stressful days of 1916. He 
was a Fellow of the American Association for the Advancement of Science,” 
a member of the Botanical Society of America, American Society for Horti- 
cultural Science, and a Fellow of the Natural History Society of San Diego. 
Much of his life was spent in a far corner of the country in a simple labora- 
tory which he set up. Long trips by train in midwinter were a luxury with 
which he wisely dispensed, so that he was known intimately only by the few 
who happened also to be in the same far corner, dust as he was familiar 
with a great variety of diseases from personal study, so also he was familiar 
with the breeding possibilities of a number of plants. In his spare time and 
as a hobby he had collected and hybridized species of IriSy Gladiolus, 
Brodiaea, Lycmm, and Penstemon. His knowledge of the wild progenitors 
of cultivated plants and of their relatives was very extensive, and his dis- 
cussions of such topics came as a surprise to most of his friends. 

dagger had a most retentive memory. This stood him in good stead, for 
he disliked making and filing records. He knew the pedigrees of his selec- 
tions without looking in the file and, if his successors would admit it, he 
almost certainly left selections for which no record exists. He also disliked 
the preparation of manuscript for publication. All of his articles are com- 
paratively short, but they are direct, clear, concise, and adequate. 

It is entirely characteristic that the portrait from which the engraving 
has been made is an enlargement from a small print made for passport pur- 
poses. It is a good likeness of fifteen years ago. 

Death came at San Diego, ^ California, on February 16, 1939. Surviving 
are his wife, Gertrude Fisher dagger, two sons, Donald 1923-, and Paul 
1932-, Ms father, and one brother. 
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PUBLICATIONS OF IVAN CLAUDE JAGGER 

The small lettuce Sclerotinia, an undeseribed species. Phytopath. 3: 74. 1913. 

(Abstr.) 

A bacterial leaf spot disease of celery. Phytopath. 4: 395. 1914. (Abstr.) 

Diseases of vegetables. West. New York Hort. Soe. Proe. 60: 140-143. 1915. 
Rotting of greenhouse lettuce. West. New York Hort. Soe. Proc. 60 : 147-148. 1915. 

Diseases of vegetables. In ^^The Vegetable Industry in New York State. New 
York State Dept. Agr. Bull. 70: 1320-1340. 1915. 

Vegetable diseases. West. New York Hort. Soc. Proc. 61: 175-177. 1916. 
Experiments with cucumber mosaic disease. Phytopath. 6: 148-151. 1916. 

Two transmissible mosaic diseases of cucumbers. Phytopath. 7: 61. 1917. (Abstr.) 
Control of vegetable diseases. Cornell Univ. Agr. ^Exp. Sta. Ext. Bull. 19: 559- 
580. 1917. 

Hosts of the white pickle mosaic disease of cucumber- Phytopath. 8: 32-33. 1918. 

Mosaic diseases of cucurbits. Phytopath. 8: 74-75. 1918. (Abstr.) 

Some VerticilUum diseases. Phytopath. 8: 15-19. 1918. (Abstr., p. 75.) (With 
V. B. Stewart.) 

Sclerotinia minor n. sp. the cause of a decay of lettuce, celery and other crops. Jour. 
Agr. Res. [H.S.] 20: 331-334. 1920. 

A transmissible mosaic disease of lettuce. Jour. Agr. Res. [U.S.] 20: 737-740. 
1921. 

Bacterial leaf spot disease of celery. Jour. Agr. Res. [IX.S.] 21: 185-188. 1921. 
Immunity to mildew (Bremia lactueae Reg.) and its inheritance in lettuce. Phyto- 
path. 14: 122. 1924. (Abstr.) 

Powdery mildew of miiskmelons in the Imperial Valley of California in 1925. Phyto- 
path. 16: 1009-1010. 1926. 

The brown blight disease of lettuce. Phytopath. 18: 949-950. 1928. (Abstr.) 
Disease resistant lettuce strains. Western Grower and Shipper. April, 1930. pp. 
9, 22-26. 

Melons resistant to powdery mildew. Phytopath. 21: 113-114. 1931. (Abstr.) 

(With G. W. Scott.) 

Lettuce breeding for disease resistance progresses rapidly. U.S.D.A. Yearbook 1931: 
348-350. 

And now Imperial No. 13. Western Grower and Shipper. Apxul, 1932. pp. 5-6. 
Mildew resistant cantaloupes. Western Grower and Shipper. August, 1932. pp. 
5-6, 22. (With G. W. Scott.) 

Physiologic forms of Bremia lactueae on lettuce. Phytopath. 23: 18. 1933. 

(Abstr.) (With Norman Chandler.) 

Big vein, a disease of lettuce. Phytopath. 24: 1253-1256. 1934. 

Development of powdery mildew resistant cantaloupe No. 45. IJ.S.D.A. Circ. 441. 
p. 5. 1937. (With G. W. Scott.) 

Breeding and improvement of cucurbits. U.S.D.A. Yearbook 1937 : 207-232. (With 
T. W. Whitaker.) 

A new biologic form of powdery mildew on muskmelons in the Imperial Valley of 
California. TJ. S. Dept. Agr. Plant Dis. Reporter 22: 275-276. 1938. (With T. W. 
Whitaker and D. R. Porter.) 

Inheritance in Oucumis melo of resistance to powdery mildew (Erysiphe cicliora- 
cearum). Phytopath. 28: 671. 1938. (Abstr.) (With T. W. Whitaker and D. R. 
Porter.) 

Brown blight of lettuce. Phytopath. 30: 53-64. 1939. 

Cytogenetic observations in Lactnea. Jour. Agr. Res. 58: 297—306. 1939. (With 
T. W. Whitaker.) 

The inheritance of immunity to mildew (Bremia lactueae) in lettuce. Abst. in Proc. 
Seventh Internatl. Congress of Genetics. Phytopath. 30: 427—433. 1940. (With T. W. 

Whitaker.) 

The Imperial strains of lettuce. IT. S. Dept. Agr. Circ. 596. p. 14. 1941. (With 
T. W, Whitaker, J. J. Uselinan, and Walter M. Owen.) 


THE RELATIVE EFFECT OF ENVIRONMENTAL AND GENETIC 
FACTORS ON GROWTH TYPES OF USTILAGO ZEAE^ 

M . F . K E R N K A K P 2 

(Accepted for publication October 20, 1941) 

When chlamydospores of JJsiilago zeae (Beck.) Unger germinate, they 
ordinarily produce sporidia on their promycelia, but sometimes hyphal 
branches are formed instead of sporidia. The sporidia are easily isolated 
with a micromanipulator and, if allowed to grow vegetatively, will produce 
monosporidial lines. Many such lines have been isolated for the purpose 
of studying variability in this fungus. A phenomenon that complicates 
the study of variability in monosporidial lines of TJ. zeae^ however, is the 
subsequent growth types of the resulting colonies. Unless hyphal branches 
are cut olf, all colonies begin as single sporidia. The subsequent colonies 
may be entirely sporidial, entirely mycelial, or they may contain different 
proportions of sporidia and mycelium. 

In a small percentage of cases the monosporidial isolates will continue 
to bud indefinitely and form colonies consisting entirely of sporidia. Such 
lines are designated as sporidial lines. If hyphal branches are cut off, 
they will produce colonies consisting of mycelium on potato-dextrose agar 
containing 1.5 per cent dextrose; but even some of these will form many 
sporidia on potato-dextrose agar containing 20 per cent dextrose. The 
lines that form no sporidia on agar with a 20 per cent sugar Content are 
designated as mycelial lines. Since, however, strictly sporidial and mycelial 
lines occur very rarely^ more attention will be given to those lines that 
change from a sporidial to an intermediate type of growth. 

The change usually occurs during the first two months the lines are 
in culture, sometimes within the first 24 hours, but occasionally they change 
even after being in culture a year or more. The change generally occurs 
gradually, first becoming evident by the appearance of mycelial patches 
or pie-shaped mycelial sectors in the colonies. Several of these patches or 
sectors may appear simultaneously and thus all look alike, or they may 
appear at different times and, because of their different ages, look entirely 
different from each other. The question then immediately arises as to 
whether the latter constitute a genetic variation or whether the change from 
sporidial to an intermediate type of growth is temporary and phenotypic. 

During studies on the variability of Ustilago zeae in the laboratories 
of the Division of Plant Pathology, University of Minnesota, many such 

1 Summary of a thesis presented in partial fulfillment of the requirements for the 
degree Doetor of Philosophy, granted by the University of Minnesota, June, 1941. 

Paper No. 1926 of the Minnesota Scientific Journal Series. 

Assistance in the preparation of these materials was furnished by the personnel of 
the^ Work Projects Administration, Official Project No. 65-1-71-140, sponsored by the 
University of Minnesota, 1941. 

2 A„ssistant Pathologist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, U. S. Department of Agriculture. Pormerly, Instructor, Division of Plant 
Pathology and Agricultural Botany, University of Minnesota. 
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patches and sectors have been isolated and compared in order to determine 
if they were genetic variants or only phenotypic changes. In many cases they 
have been found to be the latter. These circumstances made it confusing 
and often impossible to determine the degree of variability of monosporidial 
lines, and it seemed reasonable that if the factors that determine these 
growth types were better known, one could distinguish between phenotypic 
and genotypic changes with a greater degree of safety and thus make more 
accurate conclusions regarding the variability of monosporidial lines. Thus 
a study was begun on the factors that determine the growth types of 
monosporidial lines of Z7. scue. 

In a recent paper on genetic and environmetal factors affecting growth 
types in Ustilago zeae (6), the following conclusions were drawn: (1) 
Growth types are genetically inherited; (2) strictly sporidial and mycelial 
lines probably cannot be changed by environmental factors; (3) inter- 
mediate lines can be shifted to mycelial or sporidial by certain environ- 
mental factors. The results also proved that these growth types are deter- 
mined by at least more than one factor ; and it was assumed that sporidial 
and mycelial lines carried factors only for sporidial and mycelial growth, 
respectively, and intermediate lines carried factors for both sporidial and 
mycelial growth. 

In that study, however, only a few monosporidial lines were studied 
and relatively few environmental factors were taken into consideration. 
It seemed desirable, therefore, to investigate more thoroughly the environ- 
mental factors that might change intermediate lines, and to determine if 
sporidial and mycelial lines could be changed by environmental factors not 
previously considered. This paper, therefore, presents the results of a 
continuation of previous work on the relative effect of genetic and environ- 
mental factors affecting growth types of Ustilago zeae. 

The literature on this subject has been reviewed adequately in a recent 
paper (6) and will not be repeated here. Since literature on specific phases 
of the problem is not extensive, it will be referred to where pertinent. 

experimental procedure and results 
Methods 

All of the lines used in these experiments, except those from cross 50, 
originated from single sporidia isolated from promycelia by means of a 
micromanipulator, as described by Dickinson (3) and Hanna (4). The 
lines from cross 50 originated from hyphal branches cut from promycelia 
with a micro-razor. 

It was necessary to use lines relatively constant for their particular 
type of growth. Lines, therefore, that had been sporidial, mycelial, or 
intermediate for several months, and, in some cases, years, were selected 
from a large number of stock cultures. Many intermediate lines contain 
sporidia but appear to be mycelial to the naked eye. In order, therefore, 
to know accurately the growth types of all of the lines it was sometimes 
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necessary to examine them with a microscope. Having previously found 
that a high percentage of dextrose in the medium tended to increase forma- 
tion of sporidia in intermediate lines ( 6 ), many of them were tested on 
potato-dextrose agar containing 20 per cent dextrose. Under these con- 
ditions one can distinguish between lines that will produce sporidia only 
with difficulty and lines that will not produce sporidia. The lines selected 
included 16 sporidial and 6 intermediate lines, and 1 mycelial line. 

The designation of monosporidial lines indicates their origin. Thus, 
7 OG 3 is a monosporidial line isolated from the third cell of the promycelium 
of clilamydospore C of cross 70. Lines originating from hyphal branches 
were random isolates in that the chlamydospore and promycelial cell from 
which they came were unknown. Therefore, they were labelled with the 
cross number and a number indicating the order in which they were isolated. 
Thus, 50-2 is a culture which originated from the second hyphal branch 
isolate from cross 50. 

The studies on the effects of environmental factors on the growth types 
of monosporidial lines were made with liquid media in hanging-drop cul- 
tures, with solid media in the form of agar smears on inverted cover slips, 
and with solid media in Erlenmeyer flasks. 

In some cases a synthetic nutrient solution similar to that recommended 
by Brown (2) was used. It contained 20 g. dextrose, 2.5 g. asparagin, 
2.5 g. tri-basic potassium phosphate, 0.2 g. magnesium sulphate, and water 
was added to make 1000 cc. This solution was varied so that different 
concentrations of dextrose were used, and where special substances were 
needed they were added in different concentrations to the basic medium. 
In the ease of hanging-drop cultures a drop of each solution to be used 
was placed on each cover slip, which, in turn, was placed on a van Tieghem 
cell in a Petri dish, where the drops were kept from evaporating by means 
of filter paper placed on the bottom of the dish and moistened with distilled 
water. Five or 6 such drops were placed in each Petri dish, providing for 
as many replications. 

When cultures were grown on solid media, potato-dextrose agar (1 or 
2 per cent dextrose, 1.5 per cent agar, and infusion of 300 g. of potatoes 
for 1 liter of medium) was used in most eases. If agar drop cultures were 
employed, the procedure was the same as that described for the liquid 
hanging drops; if flasks were used, the cultures were grown in duplicate 
250 cc, Erlenmeyer flasks containing 40 ce. of agar. 

All similar media were prepared in one batch so as to have comparable 
media for each experiment. Each medium was prepared and sterilized in 
the autoclave for 20 minutes at 15 lb. pressure. In some cases special sub- 
stances were added aseptically to the basic medium after it was sterilized. 

EFFECTS OF ENVIRONMENTAL FACTOES ON GROWTH TYPES 

Effects of Dextrose 

Earlier experiments ( 6 ) had demonstrated that different amounts of 
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dextrose do not influence the growth types of sporidial and mycelial lines 
of Ustilago zeae, but that intermediate lines can be made to produce greater 
numbers of sporidia on media containing high concentrations of dextrose 
and fewer sporidia on media containing low concentrations of dextrose. 
The cultures used in the earlier study were of lines that had been grown 
long enough to become stable so far as their growth types were concerned, 
but it seemed desirable to study some lines that were changing. Therefore, 
lines were obtained that had been isolated less than 1 month and were 
changing from sporidial to an intermediate type of growth in their first 
cultural generation. These cultures had patches of both sporidial and 
mycelial growth in the same colony, and transfers were made from both 
the mycelial and sporidial patches. The resulting cultures were treated 
exactly alike, and their labels were followed by (M) or (S) to indicate 
if they had originated from the mycelial or sporidial part of the colony. 
The following lines were obtained in this manner: 48H2(M), 48H2(S), 
48a(M), 48C4(S), 46 Fi(M), 46Fi(S), 46T4(M), and 46T4(S). 

The above lines were grown in hanging-drop cultures in the liquid 
synthetic medium containing 0, 20, 100 g. of dextrose per liter. Bach 
culture was replicated 6 times and the experiment Avas repeated twice. 
The results are recorded in table 1. Prom the table it is clear that none 
of the cultures behaved exactly alike in these solutions, but the general 
trend of behavior was similar in all. All of them produced more sporidia 
in the solutions containing the largest amounts of dextrose. The cul- 
tures that began as mycelium, excepting 46T4(M), first formed some 
sporidia, and after different periods ceased to form sporidia and again 
became mycelial. Isolate 46T4(M) did not form sporidia even in the solu- 
tion containing 100 grams of dextrose. In each case it took longer for the 
growth types to revert to mycelium on the higher than on the lower dextrose 
concentrations. The lines that began as sporidia generally behaved alike, 
except that more sporidia were formed in them than in those commencing 
as mycelium. One became entirely myoelial in the solution without dextrose, 
and some did not form any mycelium in the solutions containing a greater 
amount of dextrose. 

A similar experiment was made with the same lines and the same medium, 
except that agar was added to make it solid. The results of the latter experi- 
ment were generally the same as the former in that larger numbers of 
sporidia consistently were formed on media with a high concentration of 
dextrose. 

Since hanging-drop cultures do not become large enough to express such 
cultural characters as appear in flask cultures, it is impossible to detect 
any variations in color, topography, and types of margins resulting from 
mutations. Thus, there still is the possibility that the change in growth 
types observed in hanging-drop cultures may be attributable to undetect- 
able mutations. These same lines, therefore, were growm in duplicate 
250-ee. Erlenmeyer flasks on agar, in order to let their cultural characters 
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develop fully. Potato-dextrose agar was used, eontainiug 0, 20, and 200 
grams of dextrose. The cultures were allowed to grow approximately 6 
weeks after transfer to flasks; then they were examined both maeroscopi- 
cally and microscopically. 

In this experiment the behavior of these lines was likewise generally the 
same as in the liquid hanging-drops and on agar drops. Generally there 
was more sporidial growth in the colonies on the media containing high eon-, 
centrations of dextrose, and the colonies that began as sporidia all retained 
their sporidial growth on the medium containing 200 g. of dextrose per 
liter. To determine the permanence of the changes in growth type, recipro- 
cal transfers were made from the 20 per cent to the 2 per cent dextrose 
medium, and from the 2 per cent to the 20 per cent dextrose medium. In 
all cases the cultures reverted to their original type and expressed the char- 
acters that appeared on the medium on which they were grown first. These 
results, therefore, indicate that mutations are not necessarily the causes of 
changes in growth types, since mutations are permanent changes. If the 
changes were due to mutations, it is not likely that the cultures would revert 
to the characters expressed on the original medium. 

Effects of Extracts from ‘‘NaturaP’ Substrates 

Since the work of Brefeld (1), it has generally been accepted that the 
corn smut fungus will grow on such substrates as manure, soil, silage, and 
corn stalks, and that on these substrates aerial conidia are formed, which 
may be disseminated by wind. The writer attempted Jo determine to what 
extent soil, silage, manure, and corn extracts influenced the growth types 
of monosporidial lines of Ustilago zeae. 

One mycelial, one sporidial, and several intermediate monosporidial lines 
were tested in hanging-drop cultures of these decoctions. Bach culture was 
replicated six times and each experiment was repeated two or three times. 
Potato-dextrose broth was used as a check. The extracts were made sterile 
by filtering through a Sintered glass filter. 

Soil Extract, Soil was obtained from the field plots at University Farm. 
One hundred ec. of distilled water and 100 g. of soil were mixed and allowed 
to stand so that the soil settled to the bottom. Then the water was poured 
off and filtered. 

The soil extracts had no effect on the sporidial and mycelial lines, but 
almost completely prohibited sporidial growth in the intermediate lines 
tested. In potato-dextrose broth the intermediate lines were practically all 
sporidial growth. Since it is known that moisture stimulates sporidial 
growth (6), and soil extracts are obviously more liquid than soil, these re- 
sults indicate that sporidia would not be formed in great numbers in soil in 
the field, except possibly in the case of strictly sporidial lines. Conse- 
quently, this would tend to decrease the possibility of dissemination of 
sporidia from soil by wind, but it would not decrease the possibility of the 
dissemination of aerial conidia. 
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Silage Extract, ^iemeisel (10) reported ilmt list Hag o zeae grew and 
formed sporidia in 'silage extract. In the writer experiments, a silage 
extract was prepared as follows : 200 g. of silage, ground with a food chop- 
per, were mixed with 200 g. of distilled water. After soaking for several 
hours the juice w^as expressed and filtered. This solution proved too con- 
centrated to support growth, so it wms diluted to one third of its original 
strength. 

The same 3 hapj^oid lines were grown in this solution; the mycelial line 
produced no sporidia; the sporidial line produced no mycelium; and the 
intermediate line became almost entirely mycelial. On potato-dextrose 
broth, the intermediate line w^as almost half sporidial and half mycelial. 
These results indicate also that if the fungus does grow on silage, only 
strictly sporidial lines would produce sporidia thereon. 

Manure Extract. Fresh horse dung was obtained from the barns at 
University Farm. Equal quantities of manure and distilled water were 
mixed thoroughly ; the resultant liquid was then expressed and filtered, and 
haploid lines of Vstilago zeae were grown in hanging-drops of the solution. 

The growth types of the sporidial and mycelial lines remained unchanged 
in the manure extract. Five intermediate lines tested were entirely mycelial 
ill the manure extract, but produced many sporidia in potato-dextrose broth. 
Another intermediate line produced a few sporidia in the manure extract, 
but in potato-dextrose broth it became almost all sporidial. 

Corn Extract. It is obvious that TJstilago zeae forms hyphae in the host 
plant. Even lines that ordinarily form mostly sporidia in culture will form 
mycelium when injected into the host plants. However, several strictly 
sporidial lines have been found that have never caused infection in corn. 
It was, therefore, considered that these lines probably had no factors for 
mycelium formation, even in the host. It seemed desirable to determine if 
corn juice would change sporidial lines to mycelial, and, furthermore, if it 
would have any effect on intermediate and mycelial lines. 

Fourteen-day-old corn seedlings were ground up with a food chopper 
and the juice was pressed from them and filtered. Hanging-drop cultures 
of a sporidial line, 2 intermediate lines and a mycelial line were grown in 
the extract. In the corn juice, the intermediate lines were almost entirely 
mycelial, while in the potato-dextrose broth, they were only approximately 
half-mycelial. In the sporidial and mycelial lines there was no apparent 
difference between growth in corn juice and in checks. 

Another experiment was made in which corn juice was sterilized by 
autoclaving. In the autoclaved solution, there was slightly more sporidial 
growth in the intermediate lines than when they were grown in the filtered 
solution, but this solution had no effect on the mycelial and sporidial lines. 

These results demonstrate clearly that corn juice stimulates mycelial 
growth in the intermediate lines, and add further evidence to indicate that 
strictly sporidial lines will not form mycelium, even in the host. 

The results obtained from growing these lines on natural extracts may 
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serve to indicate how intermediate lines behave in nature. Since nearly all 
lines are intermediate, it follows that most of them may behave as these 
results indicate. It is possible, however, that other soil organisms and vari- 
ous combinations of environmental factors in the soil may influence growth 
types. If few sporidia are formed on the substances tested, there obviously 
will be less dissemination of sporidia in the field from such sources as manure 
piles, corn stalks, and soil. This, of course, does not prevent spread of 
spores carried on manure or soil blown about by the wind, but it would 
decrease possible multiplication of sporidia and their dissemination from 
these sources. 

Effect of Vitamin Bi and ‘^Growth Promoting^’ Substances 
on Growth Types 

It has been reported by Schopfer and Blumer (11) that Ustilago zeae 
grows perfectly well on nutrient media without Vitamin Bi. Either the 
fungus does not require this vitamin, or it synthesizes it from the chemicals 
in the medium. However, it was considered by the writer that Vitamin Bi 
might have some influence on the growth types of Z7. zeae^ even though it is 
unnecessary for the nutrition of this fungus in synthetic media. 

An experiment was made in which monosporidial lines of Ustilago zeae 
were grown in synthetic media containing 3, 30, 300, and 30,000 units of 
Vitamin Bi per liter, but in no ease were the growth types of the lines influ- 
enced by this Vitamin. 

Along with vitamin Bi, two growth promoting’^ substances, indole-3-n- 
propionic acid and tryptophane, were tested and found to have no effect 
on the growth types of Ustilago zeae. 

Effect of Poisons on Growth Types 

Earlier results (6) have indicated that conditions unfavorable to growth 
oi Ustilago zeae tend to initiate in culture the formation of mycelium in- 
stead of sporidia. For example, an excess of magnesium sulphate in the 
medium decreased the rate of growth, as well as prevented the formation 
of sporidia, in intermediate lines. Such behavior was attributed to the 
toxic effects of the various chemicals when present in excessive amounts. 

To test the validity of such an assumption an experiment was made in 
which the behavior of a sporidial, a mycelial, and 2 intermediate lines of 
Ustilago zeae were grown in nutrient solutions containing mercuric chloride, 
copper sulphate, lead acetate, and iron chloride. These chemicals were 
added to the basic solution mentioned earlier in the paper in the proportions 
of 1 ; 500, 1 : 1000, 1 : 2000, and 1 : 5000, the basic solution without poisons 
being the check. Each culture was replicated 5 times and the experiment 
was repeated 3 times. 

The mycelial and sporidial lines did not change when tested with the 
solutions containing toxic chemicals. The intermediate lines, however, pro- 
duced fewer sporidia as the concentrations of the poisons were increased, 
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and generally became entirely mycelial in tlie stronger solutions after 24 to 
36 bonrs, and in the weaker solutions after 60 hours. There was little dif- 
ference between the cheeks and the cultures in the solutions, with the weakest 
dilutions of the poisons, but there was a striking difference between the 
checks and the cultures in solutions with high concentrations of poisons. 
These results, however, were somewhat erratic. For example, in the tests 
with copper sulphate at all concentrations, and with lead acetate 1 : 500, the 
intermediate haploid lines produced more sporidia when the cultures were 
approximately 24 hours old, and when they became 50 to 60 hours old they 
formed more mycelium and fewer sporidia. At 60 hours many of the 
sporidia became granular, stopped growing, and, consequently, did not 
germinate to form mycelium. As a result these cultures still contained 
many sporidia at the time growth ceased; therefore, they could not be 
considered truly mycelial at the termination of the experiment, as had been 
true with the other cultures. Nevertheless, it was clear that many sporidia 
were formed at the beginning of the experiment and, near the end of the 
experiment, all new growth was mycelial. 

The results, as a whole, seemed to justify the general conclusion that 
toxic materials limit the formation of sporidia and increase proportionately 
the formation of mycelium in intermediate monosporidial lines of Ustilago 
zeae. 

Effect of Dyes on Growth Types 

Many organic dyes are toxic to fungi and in some eases are recommended 
for the control of certain plant diseases (9). Therefore, along with inor- 
ganic poisons, it seemed desirable to determine the effect of several dyes on 
the growth types of sporidial, mycelial, and intermediate lines of Ustilago 
zeae. 

For this experiment malachite green, brilliant green, and crystal violet 
were added to potato-dextrose broth in the proportions of 1 : 1,000,000, 
1 : 2,500,000, and 1 : 5,000,000. One sporidial line, 1 mycelial line, and 2 
intermediate lines were tested. Each culture was replicated 6 times, and 
the experiment was repeated twice, potato-dextrose broth without dye being 
the check. 

None of the dyes influenced the growth types of the sporidial and my- 
celial lines, and brilliant green did not appear to influence the growth types 
of the intermediate lines. The other two dyes limited the formation of 
sporidia in the stronger solutions. Malachite green was the most effective, 
and there were, fewer sporidia in the 1 : 1,000,000 malachite green solution 
than in the lower concentrations. Brilliant green 1:1,000,000 appeared to 
be the only concentration of that dye that stimulated the formation of my- 
celium in the intermediate lines, growth in the other 2 concentrations being 
similar to that in the check. 

Effect of Other Organic Compounds on Growth Types 

Among chemicals tested for their therapeutic value in controlling plant 
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diseases, para-toliiene-sulforLylamide and ortho-toliiene-snlfonylamide ap- 
pear to be most promising (5). The effect of these two chemicals on the 
growth types of monosporidial lines of Ustilago zeae was tested. 

In these experiments sporidial, a mycelial, and an intermediate line of 
Ustilago zeae were grown in hanging-drop cultures. The nutrient solution 
consisted of these chemicals added to the basic synthetic solution in the pro- 
portions of 1 : 1000, 1 : 10,000, 1 : 100,000, and 1 : 1,000,000. Each culture 
was replicated five times, and the experiment was repeated twice. The basic 
solution with nothing added was the check. 

Para-toluene-sulfonylamide and ortho-toluene-sulfonylamide had no 
effect on the growth type of any of the lines tested in these experiments, 
but there seemed to be some influence on the rate of growth. These chemi- 
cals at the concentration of 1:1000 definitely retarded the growth of the 
fungus, and ortho-toluene-sulfonylamide 1 : 1,000,000 seemed slightly to 
accelerate the rate of growth over the checks. 

Effect of Carbon Dioxide and Oxygen Supply on Growth Types 

It has generally been observed that when Ustilago zeae grows beneath 
the surface of liquid nutrient media it does not form sporidia, but the 
growth is characterized by narrow hyphae. Furthermore, if sporidia are 
formed in cultures growing in liquid media, they are invariably produced 
on the surface of the solutions. The oxygen supply in the solution and on 
the surface has generally been avssumed to be the main factor involved in 
bringing about these different growth forms. Experiments, therefore, were 
made to test the effect of carbon dioxide and oxygen supply on the growth 
types of monosporidial lines of U. zeae. 

The lines oi Ustilago zeae were grown in hanging-drops of potato-dex- 
trose broth, which were placed in atmospheres of approximately 50 per cent 
oxygen and 50 per cent air, 50 per cent carbon dioxide and 50 per cent air, 
75 per cent oxygen and 25 per cent air, and 75 per cent carbon dioxide and 
25 per cent air. Cultures grown only in air served as checks. As indi- 
cated in table 2, the growth types of the sporidial and mycelial lines were 
not changed by the different atmospheres of carbon dioxide and oxygen, but 
the rate of growth in the atmospheres containing 50 per cent and 75 per 
cent carbon dioxide was considerably reduced. A high carbon dioxide con- 
tent in the atmosphere did not change the growth types of the intermediate 
lines but did retard the rate of growth, A high oxygen content of the 
atmosphere increased the amount of sporidial formation in the intermediate 
lines. 

Effect of Osmotic Concentrations of Nutrient Solutions 
on Growth Types 

There are a number of species of algae that have 2 distinct growth forms 
depending upon the culture media in which they are grown. One form is 
characterized by spherical cells that separate from each other after cell 
division; the other is a filamentous form. Livingston (7) reported in his 
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experiments with, a species of Stigeocloniuni, that nutrient solutions of high 
osmotic concentration stimulated the spherical-cell form, and nutrient solu- 
tions of low osmotic concentration stimulated the filamentous form. 

One can readily see the similarity between the growth forms of this 
species of Stigeoclonmm and TJstilago zeaCy and it seemed reasonable to 
suppose that similar reactions might occur in TJ. zeae. Although the results 
reported earlier in this paper indicate that changes in growth types are 
stimulated by the quantity or availability of the various food elements used, 


TABLE 2 . — The growth types of sporidial, mycelial, and intermediate haploid lines 
of TJstilago seae in atmospheres containing proportions of carl on dioxide and oxygen 
to ajir 
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± approximately 25% mycelium and 75% sporidia in the cultures. 

they did not preclude the possibility that the stimulating factor might be 
the osmotic concentration of the nutrient solutions. Experiments, there- 
fore, were made to determine whether osmotic concentration of nutrient 
solutions would influence the growth types of U. zeae. 

Livingston’s experiments (7) were repeated, with only slight variation 
in the quantities of nutrients used, with Ustilago zeae. The osmotic con- 
centrations of the solutions were calculated from the International Critical 
Tables of Freezing Point Depression of solutions, and checked by the freez- 
ing point method described by Loomis and Shull (8). Mycelial, sporidial, 
and intermediate lines were tested in solutions of different osmotic concen- 
trations. In no case did these solutions influence the growth types of these 
lines. The experiment was repeated 3 times ; the third time small but equal 
quantities of dextrose were added to the solutions. This only stimulated 
befter growth ; but, again, there was no difference in the growth types of any 
culture in the solutions of different osmotic concentrations. 

EFFECTS OF GENETIC FACTORS ON GROWTH TYPES 

Sporidial X Sporidial Matings 

It has been mentioned previously that certain monosporidial lines have 
never formed mycelium in culture, either on potato-dextrose agar or under 
the different environmental conditions considered in these experiments. 
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Crosses liad been made between some of these lines and mycelial lines, and 
there was segregation for sporidial and mycelial growth types in the proge- 
nies of these crosses (6). Likewise, successful crosses were made between 
sporidial and intermediate lines. Efforts were made to hybridize sporidial 
lines for the purpose of studying the inheritance of the sporidial character, 
but all attempts at hybridization w^ere unsuccessful. Sixteen sporidial lines 
were paired in all possible combinations and injected into corn seedlings in 
the greenhouse, but in no case did infection result. This was repeated at 
least 10 times, but still no infection was obtained. The question immediately 
arose as to w^hy these lines failed to cause infection when inoculated into 
corn seedlings. Two possible explanations for this behavior may be that all 
of the lines are of one sex and consequently sexually incompatible, or that 
the lines are so definitely sporidial that they cannot form hyphae in the host 
and, consequently, cannot fuse to form the dikaryotic mycelium. 

The first possibility was eliminated by crossing some of the sporidial lines 
with tester lines of opposite sex. Table 3 gives the results of these matings. 


TABLE S.—The compatiMUty of several sporidial lines with two tester lines of oppo- 
site sex 


Sporidial line 

Tester lines of opposite sex 
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- = incompatible 


Lines 22B2 and 22B4 are of opposite sex and cause infection readily. As 
is indicated in table 3 , 18O3, 18H1, and I8H4 were all compatible with 22B2, 
and I8A1 and I8A4 were compatible with 22B4. Hence it follows that I8C3, 
I8H1, and I8H4 are of a different sex from I8A1 and I8A4. This was done 
also with several other pairs of monosporidial lines known to be compatible, 
and similar results were obtained. 

The second possibility was tested by making histological studies of corn 
seedlings that had been inoculated with a composite inoculum of several 
strictly sporidial haploid lines. The seedlings were sectioned at the point 
of injection 24 , 48 , and 72 hours after the injections were made. The sec- 
tions of the fresh tissue were stained with cotton blue or saf ranin and fast 
green. In the stained sections, numerous sporidia could be seen, but in no 
case were the sporidia observed to germinate and form hyphae. This w^as 
repeated many times and the results Avere always the same. Corn seedlings, 
inoculated with compatible haploid lines, were treated in the same manner, 
and mycelium invariably could be found in these plants. 

It is possible, but hardly probable, that the mycelium could have been 
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overlooked in the plants inoculated with strictly sporidial lines. The results 
indicate that these sporidial lines will not form mycelium inside the host 
plant, and, consequently, cannot cause infection when mated with each other. 
However, the strictly sporidial character can be perpetuated by combining 
these lines with intermediate or mycelial lines. It seems reasonable that 
sporidial and mycelial lines may combine by the growth of hyphae of the 
mycelial or intermediate line, so that it conies in contact with the sporidia 
of the sporidial line within the corn plant, and in this way fusion can occur. 

SUMMARY AND CONCLUSIONS 

These results are in agreement with those reported earlier (6), namely, 
that growth types of monosporidial lines of Ustilago zeae may be strictly 
sporidial, strictly mycelial, or intermediate between sporidial and mycelial. 
The growth types of sporidial and mycelial lines cannot be changed, but the 
intermediate lines can be shifted one way or the other by various environ- 
mental factors tested. Dextrose was the most efficient in stimulating the 
formation of sporidia in intermediate lines. Mycelial formation in inter- 
mediate lines in general was stimulated by environmental conditions that 
were unfavorable to the growth of the organism. For example, the addi- 
tion of poisons and toxic dyes to media, low concentrations of necessary 
nutrients, and of oxygen in the atmosphere stimulated the formation of 
mycelium. Other substances, such as vitamin Bi, indole-3-n-propionic 
acid, tryptophane, para-toluene-sulfonylamide, and ortho-toluene-sulfonyla- 
mide, had no effect on growth types. 

The high concentrations of sugars in some of the media indicated that 
the formation of sporidia in intermediate lines might be brought about by 
the high osmotic concentrations of those media. This possibility, however, 
was eliminated by experiments proving that the osmotic concentration of 
nutrient media was not the stimulating factor. All of the results indicate 
that the quantity of nutrients in the media is the most important factor in 
determining the growth types in intermediate lines in culture. Although 
some of the other environmental factors influenced the growth types of inter- 
mediate lines to some extent, their effects were not nearly so strong as those 
of nutrients ; in fact, lines, recently isolated, could be retained in the spo- 
ridial condition by growing them on media with a high sugar content. 
Furthermore, after lines had changed to an apparently mycelial growth 
type, the writer was able to change many of them back to intermediate, and 
thereby distinguish between those lines apparently entirely mycelial and 
those almost so, but producing a few sporidia. Since the change from 
sporidial to intermediate type often can be prevented or reversed by envi- 
ronmental conditions, tjiese results would indicate that in many cases it is 
due to physiological processes. 

The experiments with ‘‘naturaF’ substrates serve to indicate how ZJsti- 
lago z eae may behave in nature. All of the ^ ' natural ^ ^ substrates definitely 
limited sporidial formation in intermediate lines and stimulated mycelial 
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formation. Virtually all lines of Z7. seae are intermediate. Therefore, if 
these results do indicate what takes place in nature, it follows that most of 
the growth in nature would be in the form of mycelium. In this paper, 
however, no consideration was given to effects of other organisms in the 
soil or other soil factors, but it is highly probable that they might influence 
growth types also. 

Stakman (12) reported clear-cut segregation for growth types in the 
promyeelia of chlaniydospores, and Kernkamp (6) reported segregation for 
growth types in the progeny of a cross between a sporidial and a mycelial 
line, thus definitely proving that growdh t 3 ^pes are inherited. Crosses be- 
tween intermediate lines that are mostly sporidial have given rise to proge- 
nies that are mostly sporidial, and crosses between lines that are mostly 
m^melial have increased the prevalence of mycelial segregates in those proge- 
nies.^ But efforts to cross strictly sporidial lines were always unsuceessfuL 
After examining many sections of corn plants inoculated with combinations 
of sporidial lines and invariably failing to find mycelium in these plants, 
it was concluded that these lines could not cause infection when mated 
together because they are incapable of forming mycelium, even in the host. 
They are, however, pathogenic when mated with lines that form hyphae. 
This strengthens the general conclusion that the strictly sporidial growth 
t^pes are limited bj^ genetic factors and cannot be changed by environment. 

Division op Plant Pathology and Botany^, 

Agricultural Experiment Station^ 

University Parm^ St. Paul, Minnesota. 
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COACBRVATES IN PHYSICAL AND BIOLOGICAL SYSTEMS^'^ 


J . D U P R E N 0 Y AND H . B . R E E D 
(Accepted for publication Marcli 17, 1942) 

Our previous studies on the effects of a nutrient deficiency in orange 
leaves, known as '^mottle-leaf,'' called attention to certain vacuolar inclu- 
sions not found in cells of healthy leaves (13, 14) . These inclusions were' gen- 
erally refringent in transmitted light and each was surrounded by a distinct 
layer that would absorb dyes, such as acid fuchsin, and could be plainly 
seen under the microscope. In the absence of more exact information at 
that time, we concluded that these spherical bodies contained phytosterol 
material or phospho-lipoids. The affected orange leaf cells gave evidence 
that there had been a decided shift in the oxidation-reduction equilibrium. 
Cells of the affected leaves could also be distinguished by their power to 
reduce methylene blue and Nile blue A. 

These spherical inclusions were not confined to the leaves, but we demon- 
strated them in the post-meristematic cells of the vegetative buds of orange 
shoots on affected branches (12). The enveloping membrane and the ten- 
dency to clump were there clearly demonstrated, though at the time of the 
publication no physico-chemical interpretation of the inclusions was given. 
However, in a later publication we advanced the idea that these spherical 
refringent bodies represent suboxidized products of the metabolism of carbo- 
hydrates and proteins in these affected cells. In the case of the zinc-defi- 
eient cells, there was evidence that the sulfhydryl compounds, such as 
cystein, were stabilized by the zinc salts that were present. 

We have been able to demonstrate the presence of these inclusions in 
living cells by the application of neutral red or methylene blue in low con- 
centrations ; hence we assured ourselves that we were not dealing with arte- 
facts. Moreover, other investigators, employing their own techniques, have 
described analogous bodies in the cells of other ]3lants. 

We shall in this paper present further investigations on the nature of 
these characteristic inclusions in pathological plants. 

RECENT STUDIES 

Since a knowledge of the factors that affect the stability of hydrophilous 
sols is important for pathologists and physiologists, we shall mention a few 
recent contributions to the subject dealing with non-living systems. It is 
known that under certain conditions there may appear, in an hydrophilous 
sol, bodies in which colloids have become concentrated through a phenome- 
non that might be termed a "demixing," or a separation of phases (9) or, 
more precisely, a "coacervation" process (7). The coacervate is a body 
rich in colloids and immersed in a liquid relatively poorer in colloids, which 
has been designated the equilibrium liquid. 

1 The work herewith reported was done in the Bivision of Plant Nutrition, 'University 

of California, Berkeley. ' 

2 Cost of puhlieation of this paper was borne by the University of California. 
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Bungenberg de Jong and Kruyt (7) postulated that flocculation and 
eoacervation are very closely allied phenomena, each requiring the elimina- 
tion of the stability factors, charge and hydration. For example, in the 
presence of neutral salts, a polyphenol may induce either fLoeculation or 
eoacervation, according to the temperature and viscosity (as determined by 
mucilages). 

eoacervation results from a lowering of the '‘solvation’' and a reduction 
of the charge on the particles that may become coacervated. To remain 
suspended or dispersed as an hydrophilous sol, each particle must be sur- 
rounded by its own “solvation mantle,” meaning a peripheral zone of mole- 
cules of water in the solvation medium. The molecules of water neare^st to 
the particle are oriented around it; farther away, the molecules are less and 
less distinctly oriented, so that they gradually become distributed at random 
in between the different “solvation mantles,” as Bungenberg de Jong 
pointed out (6), The action of the desolvating agent reduces the large dif- 
fuse solvation mantle around each particle to a thin layer of oriented water 
molecules, which are sharply separated from the bulk of surrounding, ran- 
domly distributed water molecules. These oriented water molecules are 
surrounded by a boundary, which plays the role of an active layer. Follow- 
ing the diminution in thickness of the solvation mantle through the desolva- 
tion process, the particles may gather so closely that each layer of surround- 
ing oriented molecules of water loses its individuality and the group of 
particles becomes coacervated within a common boundary which separates 
the “coacervate” as a whole from the surrounding equilibrium liquid. 
Hildebrand (5) concluded that one cannot make a definite distinction 
between the water acting as a solvent and that acting as water of hydration, 
since the solute is chemically bound to some of the water and this, in turn, 
chemically bound to water molecules farther removed. 

First, we shall inquire what might happen if one would introduce into 
this structure solutes of different types — for example, ions wdth single or 
multiple charges; molecules with dipoles, or molecules, which, themselves, 
can participate in the formation of hydrogen bonds, because it seems logical 
to interpret a coacervate as the result of a disturbance of hydrogen bonds 
in the water solution through the agency of oxidases such as catechol oxi- 
dase. Second, we will investigate the process of vital staining, as a dis- 
turbance of hydrogen bonds through the introduction of electrically charged 
particles of the vital stains. Third, we shall interpret in the same light the 
significance of “hydrogen donors” as solvents of the coavervates. 

Ethyl alcohol, methanol, acetyl acetone, acetone, and tertiary butyl alco- 
hol were reported by Russell (15) to be good solvents of natural phlobatan- 
nins, which are understood to be oxidation and polymerization products of 
cateehol. To these should be added ethylene glycol and dioxan (diether of 
glycol), methyl cellosolve, and tetra ethylene glycol dimethyl ether. 

Among these solvents, those of special interest to us now are the “donor 
solvents, ’’ which are able to release hydrogen to the substance to be dissolved 
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(or solute), thereby building a solute-solvent association by means of 
CH 0 bonds. Hydrogen donors as solvents have been studied by Zell- 
hoefer, Copley, and Marvel (16) and by Copley, Zellhoefer, and Marvel 

(2,3). 

The biological importance of the phenomenon becomes significant when 
we pay attention to the correlation between oxidation of catechol and poly- 
merisation as oxidation processes, and to linkages that unite molecules, 
building up molecular associations that may ultimately reach microscopic 
sizes. These are reversible phenomena, and introducing H into the system 
wdll both induce reduction and break up the molecular linkages, as H will 
satisfy many of the bonds, and compete with molecular linkages. There- 
fore, it was to be expected that hydrogen donors would act as solvents of 
the oxidized, polymerized and coacervated catechol colloids. 

Complex micellar systems are those in which complex relations between 
micelles exist ; that is to say, those in which an effective attraction of charges 
is opposed to the tendency to solvation of the components. Complex’’ and 
^‘auto-complex” coacervates as defined by de Jong (6) form only in the 
particular cases of these complex colloidal systems. 

These are of two kinds : 

(a) the opposition of the charges is created by the charged colloids of 
opposite signs = complex eolloidar systems in a strict sense ; 

(b) the opposition of the charges is created by adsorption or linkage of 
appropriated ions at the surface of a single species of particular col- 
loids = auto-complex colloidal systems. 

Among the different types of coacervates that can be conceived as physi- 
cally possible, it is advisable to reconsider Bungenberg de Jong’s (6) “auto- 
complex,” in which the coacervation involves phosphatides and is irrevers- 
ible. He emphasized its ability to induce persisting desequilibria between 
adjoining solutions. As the movement from outside or from within of any 
given solute would be determined by the “permeability,” auto-complex 
coacervates would contain the elements each of which had been considered 
as responsible for cell permeability — ^namely, water, molecules of cholesterol 
or phytosterol, and a certain number of adsorbed calcium ions. 

The equilibrium between the coacervate and the surrounding liquid may 
be altered by further lowering the solvation. This would retard the diffu- 
sion of some of the solvate liquid out of the coacervate. It is not to be 
denied that the change of equilibrium may be so abrupt that it provides no 
time for diffusion. When that state exists in the system, some of the sol- 
vating agent will separate out as “vacuoles” within the coacervate. When 
those drops are exceedingly small and numerous, they cause the coacervate 
to appear black under the microscope. The writers frequently found this 
to be the case in walnut leaves showing the effects of a deficiency of zinc. 

Many of the coacervates present a notable resistance to high salt concen- 
trations. For example the concentration of NaCl reaches 200 milliequiva- 
lents for some and may rise to 0.8 N at the time when it does not exceed 
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50 m.e. ill complex coacervates of gelatin with gum arabic, and 12 m.e. with 
those of gelatin with egg lecithin. This fact argues strongly in favor of 
the hypothesis assigning to the complex coacervates a part in the con- 
stitution of living matter. 

According to Klercker (8) polyphenols may occur in solution in some 
plant cells ; in others they may occur as characteristic tannin- vacuoles, each 
with an enveloping membrane. He described the complex coacervates 
formed in the vacuolar sap of plants when cells were submerged in a hyper- 
tonic solution of KNO3. The cause of the phenomenon may be referred to 
the desolvating action of the salt solution, which withdrew water from the 
cell vacuole and led to coacervation of the catechols. When the KNO3 was 
washed out there was a disappearance of the coacervates due to the dispersion 
of the catechol. It can be termed an increase of ^'solvation,’’ i.e., mixing. 

Molisch (11), who investigated crystalline and amorphous anthocyanins, 
found with surprising frequency the occurrence of anthocyanins as crystals 
or as amorphous aggregations in the vacuolar sap. The latter, which were 
generally globular, had tendencies (as shown by illustrations) to donation. 
Molisch tacitly assumed that the crystals or balls in such cases consisted of 
a chemical combination of the pure pigment with another substance, pos- 
sibly a tannin compound. 

Massee (10) saw and described ^^tannin-vesicles’^ in the vacuoles of 
leaf cells of orchids affected with the ^^spot” disease, explicitly stating, how- 
ever, that the vesicles do not consist entirely of tannin. He believed that 
in many respects they resembled the tannin aggregates described by 
Klercker. The illustrations accompanying his article show several types 
of vacuolate globules, which occurred in the cells of affected orchid leaves. 

At present there can be no doubt that the globular aggregates formerly 
seen in plant cells by various observers were complex coacervates of catechol 
and lipoid materials. 

Coacervates are porous systems or molecular sieves, inasmuch as the 
micellae are separated by the solvatant liquid. Lecithin, phytosterol, or 
other bodies accumulated in the solvatant membrane, are lipoids and their 
role in permeability was postulated by Overton. Since the solvatant mem- 
brane contains water, as well as the accumulated lipoids, it, therefore, seems 
possible to consider it as a mosaic of water and lipoid constituents, as as- 
sumed by Collander (1). 

The main factor making possible the auto-complex coacervation of a phos- 
phatid is a certain stage of desolvation. This could be achieved through a 
water-soluble desolvant, such as catechol or other polyphenols, though with- 
out any permanence, as these water-soluble desolvants would immediately 
be dispersed in the surrounding liquid, but the living cell also contains de- 
solvants, 6 .( 7 ., phytosterol, which are practically insoluble in water, though 
able to enter into complexes with water. The cytological significance of 
phytosterol has been previously emphasized by Guilliermond and Mangenot. 
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CYTOLOGICAL INVESTIGATIONS 

It is the purpose of the present paper to present some data obtained 
from the study of plant roots and to relate certain pathological aspects to 
the supply of mineral nutrients. We shall emphasize the abnormal orgaui-^ 
zation of the root cells with especial reference to the presence of globular 
aggregates and discuss the processes of coacervation in relation to inclusions 
that occur in the cell vacuoles. The whole question of the relation of 
catechol to growth and cell physiology has taken on greater significance as 
a result of recent advances in the physical and the biological sciences. 

Orange seedlings, grown for a time in a nutrient solution deficient in 
zinc, were characterized by hypertrophied root tips (Pig. 1) similar to 
tomato roots described by Eltinge and Eeed (4). An inspection of 



Pio. 1. Longiseetion of apical region of an orange root grown in a zinc-deficient 
nutrient solution. The cells of the periblem had been hypertroi)hied with the production 
of an abnormal swelling in the post-meristematic region. 

figure 1 makes evident the connection between the macroscopic and micro- 
scopic features of the root. There was a strong tendency for the cortical 
cells to be enlarged radially in contrast with the lack of growth in the axial 
direction. The globular eoacervates in the cells of these affected roots re- 
sembled in all essential ways the vacuolar inclusions that the writers found 
in orange leaves (12). The contrast between healthy and affected root cells 
is evident from the photomicrographs shown in figure 2, A and B. The 
former had grown for several months in a culture containing all the neces- 
sary microelements. Its postmeristematic cells were free from eoacervates 
with the exception of a few cells near the surface, which were about to be 
cast off from the growing expanding root tip. The lower figure represents 
cells from the comparable region of an orange root tip that had grown in a 
nutrient solution containing all the necessary microelements, except zinc. 
The section shows the characteristic enlargement of many of the cells and 
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the almost universal presence of globular inclusions in the cells. From 
these the nucleus was easily defined through the use of the inolybdenic 
reagent, which stains the chromoeenter of the nucleus a deep blue, as 
molybdenum blue is being formed at the site of the nucleoproteins. ' 

Figure 3, A, shows in greater detail the contents of healthy cells of the 


Fig. 2. A. Portion of a longisection of the post-ineristematic region of a healthy 
Drange root grown in a complete nutrient solution. The cell vacuoles were free of globular 
aggregates. B. Portion of a longisection of an orange root-tip that had grown in a 
zinc-deficient nutrient solution. In contrast to the con&ion shown in A, the vacuoles of 
many cells contained globular aggregates (stained with safranin) . C, coacervates. 

cortical parenchyma of an orange root tip that received all necessary nutri- 
ents. The rhomboidal cells shown in this figure contained many short, rod- 
like mitochondria, arranged along the cytoplasmic strand. The mito- 
chondria had a pronounced tendency to form chains, together with an incipi- 
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Pig. 3. A. Healthy cells of the cortical parenchyma of orange root grown in a solution containing all the necessary microele- 
ments. Vacuolar inclusions were not present. B. Hypoplastic cells from orange roots grown in a solution lacking zinc. In con- 
trast to the healthy cells the vacuoles contained coacervated bodies, and skeinlike mitochondria. The coherence of mitochondria in 
some of the cells indicates a lowered surface tension. Uj nucleus vacuole: tn, mitochondria: -pL plastids: g, coaeervates: inter- 

cellular space. 
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ent development of amyloplasts, -with one single starch grain. These amylo- 
plasts were in definite contrast with the huge amyloplasts with numerous 
starch grains, found in cells of roots deficient in zinc. The nuclei of these 
cells were large and in many cases were deformed hy the pressure of the 
vacuolar sap. 

A striking contrast resulting from the deficiency of zinc in the nutrient 
solution is shown hy cells of an orange root, seen in detail in figure 3, B. 
The large vacuoles contained conspicuous aggregates consisting of coaeer- 
vated polyphenol contrasting with the optically empty vacuoles shown in 
figure 3, A. These coacervates had a tendency to cohere and to produce 
lobate bodies. It may be recalled that de Jong gave examples of lobate 
coacervates of casein formed at its isoelectric point, which were character- 
ized by a yery low water content. 



Fig. 4. A. Hypoplastic cells from an orange root grown in a solution lacking all tlie 
microelements. The cells were characterized by the large spindle-shape nuclei, by eoacer- 
vated inclusions, large amyloplasts filled with starch grains, and by filiform mitochondria, 
I stained with acid fuchsin and methyl green. B. Inclusions in cells of an orange root 
grown without zinc, am, amyloplast containing many starch grains ; c, coacervates show- 
ing vacuolate envelope of phospholipoid ; nucleus j 5, starch. 

Stated in its simplest terms it seems that we are observing colloidal 
bodies that have been separated from the liquid stage by '^niimixing’’ 
similar to that described in a preceding paragraph. The importance of this 
simplified drawing will become evident as the discussion proceeds. 

The effects of a deficiency of all the supplementary micro-elements on 
certain cyto-physiological relations of the cell are shown (Fig, 4, A) by 
cells of an orange root. Cells here represented came from an older part 
of the root than those in figure 3, B, and contained many typical coacervates. 
Here again it was evident that the smaller coacervates had a tendency to 
adhere to the larger coacervates forming characteristic clumps. It should 
be emphasized that coacervates cohere only with other coacervates and with 
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no other structures found in the cell vacuole. The presence of ainyloplasts 
containing numerous starch grains indicates that the aniylolytic agencies 
were inhibited in these hypoplastic cells; consequently, starch was not used 
in metabolism. The nuclei were abnormally large and were forced into 
spindle shapes by the mutual pressure of the cell vacuoles. The enlarge- 
ment of the nuclei would in itself indicate that the cells were in an unhealthy 
condition. Coaeervates, occurring singly and in clumps, could be seen in 
most of the postmeristematic cells. Especially conspicuous were the 
definite bounding membranes, owing to their strong affinity for acid fuchsin. 
The picture elucidates some of the salient features of the abnormal physiol- 
ogy of the cells suffei-ing from mineral deficiencies and strongly emphasizes 
the fact now clearly establi.shed that under these conditions plastic build- 



Fio. 5. Coacei'vated aggregates after treatment with molybdenie reagent, showing 
the alveolate nature of the surface layers. 


iiig materials were not used for the maintenance of the plant, bnt accnmm 
lated rather in the form of conspicuous aggregates in the cell vacuoles. 

Essentially the same eyto-physiologieal condition was found in other 
orange root-tips growm in solutions where all of the ordinary nutrient ele- 
ments were furnished and the only missing microelement was zinc. Figure 
4, B shows the large nuclei, the large coaeervates with a strong tendency 
to clump together, and the amyloplasts surcharged with starch, indicating 
that something had so disarranged their equilibrium that the starch was not 
used for metabolism. By means of the molybdenum reagent we w^ere able 
to demonstrate by the characteristic blue color that the delimiting membrane 
of the coacervate contains phosphoric material. The contrast between the 
coacervate and the cytoplasm and nucleus was beautifully shown in sections 
stained with safranin and methyl green, where the coaeervates were stained 
dark-red and the cytoplasm and nuclei a bluish-green. 
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Tlie nature of the lipoid envelope, which contains water as well as lipoid, 
may he inferred from the drawings in figure 4, B, and the photomicrograph 
shown in figure 5. These preparations were obtained by use of the 
iiiolybdenic acid reagent, which imparts a blue color to compounds con- 
taining phosphorus. The ainyloplasts also stained blue with this reagent, 
but more faintly, indicating that they are phosphorylated. In sections 
correctly handled with the molybdenum reagent, it was possible to see that 
the surrounding membrane of the coacervate was of an alveolate nature 
(Pig. 4, B), a fact not demonstrated by the use of such dyes as acid fuehsin. 
The molybdenum reagent also colored the central mass of the coacervate 
light-brown, due to the oxidation of the polyphenol to another substance, 
probably a diketone. In addition to the enveloping membrane, which 



lysis which destroyed the cytoplasm and its derivatives ; nec, necrotic material ; n, nucleus. 

stained blue with the molybdenic reagent, the figures show that many of 
the coacervates tend to bulge at the surface. The same thing was seen in 
sections stained with acid fuehsin, a dye that is also differentially absorbed 
by phospholipoids. 

An inspection of cells like those shown in figures 3, B, and 4, A, strongly 
suggests that the surface tension of mitochondria and plastids was greatly 
reduced in the affected cells. The straight or sinuous filaments of mito- 
chondria formed by coherence were characteristic of hypoplastic cells. The 
adherence of mitochondria to nuclei and plastids illustrated in figure 4, A, 
is also an indication of the lowered surface tension of the solution. The 
writers (14) have previously described a characteristic polarization and 
clumping of the cell contents in affected leaves. 

The disturbance in cell physiology caused by a deficiency of boron was 
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revealed by a study of cells in root-tips of sunflowers that bad grown for 6 
weeks in nutrient solution without any of the accessory substances present. 
The tops of the plants showed very evident injury from lack of boron and 
zinc- 

Figures 3, B, and 6 show sections of root tips that contain large inter- 
cellular spaces, often filled with amorphous material that appeared to be a 
product of the necrosis of preexisting cell layers. The condition shown in 
figure 6 indicates that there had been extensive necrosis in the pericycle 
leaving a band of disintegrated material that absorbed haematoxylin very 
readily. The adjacent cortical cells that were still living contained globular 
eoacervates or phenolic material. The extent of the injury resulting from 
the deficiency of boron and zinc is shown also by the lysis that affected the 
cytoplasm and its derivatives. Eltinge and Reed (4) found similar inter- 
cellular spaces in the roots of tomato plants suffering from zinc deficiency, 
and containing dark-staining amorphous material, which arose from 
disintegration of cellular material. 

We conclude, therefore, from these converging lines of evidence, that 
we are dealing with a system in which complex eoacervates are formed 
through a change in the equilibrium between the diffused colloidal material 
and the surrounding liquid. In this relation of molecular orientation the 
phosphatids probably play a significant role as factors of coacervation be- 
cause the positively charged choline group is held at the surface of the 
polyphenol globule and the negatively charged phosphate ions, with 
adherent hydrocarbon chains, radiate outwardly into the dispersion medium 
( 6 ). 

The coacervated aggregates appear to consist of a central mass of 
phenols or polyphenols surrounded by a layer of phospho-lipoid material, 
formed as a result of the disturbance of hydrogen bonds in the catechol- 
water system by the activity of a catechol oxidase. 

The evidence here presented, in addition to the discussion we previously 
published, Reed and Dufrenoy (12) points the way to a better interpreta- 
tion of the conditions in the cells of diseased plants. It appears that im- 
portant processes are intimately dependent upon small amounts of ions, 
such as zinc and boron, which tend to keep polyphenols and phospho- 
lipoids dispersed in the vacuoles of living cells. When they are absent, there 
may be a lowering of solvation,’’ resulting in flocculation or in eoacerva- 
tion. The specific activity of these metallic ions remains to be investigated. 

SUMMARY 

Our previous observations upon globular refringent bodies in the cells 
of abnormal leaves have been extended now to other parts of plants. These 
bodies have been found in roots and buds, as well as in leaves, and are in- 
terpreted as evidence that there has been a decided shift in the metabolic 
equilibrium of the cells. 

Chemists have shown recently that colloids, which were dispersed in an 
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aqueous medium, may become concentrated into definite, stable globules by 
a process analogous to flocculation and have designated them as coacervates. 

The coacervates herewith described in affected plant cells are considered 
colloids (mostly made up of catechol compounds) that separated out from 
the suspending fluid and were, consequently, condensed into spherical 
bodies floating in the saline solution of the vacuole. Those condensed 
colloids are surrounded by a precipitation membrane made up of phos- 
phatids, meaning a complex of lipoids and phosphorus. 

Those colloids, chiefly at the periphery, at the interphase with the 
limiting membrane, are the site for high oxidase activity. Therefore, they 
become the site for the attraction of positively charged ions and, conversely, 
a center of dispersion for negatively charged ions, such as PO 4 . Phos- 
phatids, however, may be considered to be amphoteric, and, therefore, could 
concentrate at the limiting surface, at the interphase, there to build up a 
limiting membrane. 

Coacervates were found in the vacuoles of cells of roots grown in solu- 
tions lacking one or more of the important supplementary micro-elements. 
These bodies, however, were not found in the cells of roots receiving the 
necessary micro-elements. They were identified by their form, their stain 
reactions, and their location in the cells. 
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THE TRANSIENT FEEDING OP ROOT-KNOT NEMATODE 

LARVAE^ 

M. B. L I N F 0 K » 

(Accepted for publication August 6, 1941) 

Difficulties iiiliereiit in tlie examination of living nematodes in association 
with their hosts have impeded investigations of how these parasites enter 
roots and how they induce the local necrosis, hypertrophy, or abnormal tissue 
differentiation characteristically associated with different root-infesting spe- 
cies. In 1937, the writer (5) described the feeding habits of the root-knot 
nematode, Seterodera marioni {Gorim) Goodey 1932, after it had attained 
its permanent site, and thereby helped to clarify the problem of how this 
parasite stimulates the development of giant cells and galls, but he did not 
determine when feeding begins nor hoAV the nematode makes its way into a 
root. Certain pathological effects of this nematode are still not well defined, 
for they are induced before the laxwa has completed its penetration into and 
migration within its host to its site of permanent feeding. New refinements 
of techniques have now permitted observation of larvae before and during 
their entry into roots, with results that further elucidate the pathogenesis of 
root knot. 

LITERATURE REVIEW 

At the time Christie (2)^ reported his thorough histological study of the 
development of root-knot nematode galls, the manner in which this parasite 
feeds was still the subject of hypotheses that Linford (5) later determined, 
by examination of living material, to be somewffiat erroneous. It was found 
that giant cells develop under the stimulation of a persistently repeated cycle 
that includes : (a) puncture of the cell wall by the protrusftle hollow buccal 
stylet or spear of the nematode,* (b) injection of saliva into the cell,* and 
(c) sucking out of only part of the cell content. Those observations were 
made on nematodes that had completed their entry into roots and had 
assumed their fixed positions for feeding. The few inadequate observations 
of larvae still in migration failed to detect feeding but did demonstrate that 
the stylet is used in opening a passageway. 

The initiation of pathological disturbances prior to the parasite’s reach- 
ing its permanent feeding site has been indicated by various investigators. 
Godfrey and Oliveira (3) found that heavy infestations may retard or stop 
root elongation within 24 hours and cause visible lateral enlargement of the 
root tip within 48 hours, even though the larvae have not, within that time, 
reached their feeding sites. They state (p. 329) 'L . . the apparent swell- 
ing is due to retardation of forward growth of the root and abnormally 

iPublisbed ■vvitb the approval of the director as Technical Paper No. 136 of the 
Pineapple Research Institute, University of Hawaii. 

2 See this paper for a comprehensive statement of the development of galls and of 
the group of highly modified giant cells at the head of the parasite, with a review of 
earlier literature. 
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directed growth, of the weakened meristematic tissues rather than to true gall 
development 

Christie (2) observed that when considerable numbers of larvae enter a 
root simultaneously, growth may be stopped within 24 hours, and suggested 
that the presence of the parasite in the meristem suppresses mitotic activity. 
He also found very prompt reaction of root cells to the presence of the larvae, 
showing first in hypertrophy of cortical cells . . not confined to cells lying 
adjacent to the path of the larva . . . and also sometimes of endodermal 
and pericyclic cells. Some cells are destroyed and some passed through by 
the migrating larva, Christie found, constituting exceptions to the general 
rule that migration is intracellular with little injury to the cells. 

Linford (9), studying the development of cowpea shoots from experi- 
mentally infested buds, found severe leaf deformities, sometimes out of pro- 
portion to numbers of nematodes present, as well as stoppage of terminal 
buds ; and suggested that these disturbances might be results of mechanical 
injuries inflicted by migration of larvae through meristematic tissues, sepa- 
rating the cells and thereby disturbing the coordination of tissue differenti- 
ation. 

Godfrey and Oliveira (3) and also Linford (7) have called attention to 
the phenomenon of mass attack upon root tips, numerous larvae entering the 
root in closely packed groups, and Linford (9) has demonstrated experi- 
mentally the tendency for larvae to enter through wounds where such are 
available, but these workers have not considered the factor of mechanical 
injury resulting from such mass attacks in the etiology of nematode galls. 

METHODS 

Observation of the activities of larvae before and during penetration into 
mots required the development of a technique that would permit observation 
at high magnification with both roots and nematodes firmly supported in a 
moist mediuni but with the larvae free to move. Details of a|)paratus and 
methods are reported elsewhere (10). Briefly, however, roots were allowed 
to grow against a cover slip in soil or other granular medium, either in a ring 
chamber formed by cementing a coverslip onto a glass ring, or in a miniature 
root observation box (8) modified by cementing a coverslip over an opening 
in one side. For very small seedlings the ring chamber with a thin layer of 
dark soil or sand was excellent if the chambers w^ere held in a moist chamber 
between observations. Observation was with the aid of a 40 x achromatic 
water immersion objective and cooled incident light. Somewhat of a dark- 
field effect was obtained, revealing ample detail to permit identification of 
the nematode species and observation of its activities. 'Where the host proto- 
plasm was not too abundant it sometimes was possible to see significant 
details through 1 or even 2 layers of root cells. 

Some of the observations of active migration and of host injuries vrere 
made with washed roots and transmitted light. Use also was made of ma- 
terials processed with either Fleming ’s fluid and clove oil or lactophenol wdth 
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ootton (aniliii) blue or acid fuehsin. Fixation for paraffin sections was in 
Karpechenko^s fluid. 

Seierodera marioni larvae for these studies were hatched from e^'o* 
masses on cowpea roots, but were of a strain obtained originally from a pine- 
apple field. After hatching in shallow wmter they were decanted and finally 
passed through filter paper as described elsewhere (9) to free them from 
debris. 

Observations were made with roots of various plants, although lettuce 
was employed someAviiat more than othei’s. Primary roots of Port ulma 
grandi flora have the advantage of being so slender and translucent that 
activities of nematodes may be observed dimly almost in the center of the 
root by either reflected or transmitted light. Such slender roots are less satis- 
factory for observation of the early stages of penetration because their small 
radius of curvature leaves only a narrow surface in contact with the glass, 
and relatively few nematodes penetrate from a position advantageous for 
observation. 

OBSERVATIONS 

The Process of Feeding 

The feeding process in young, transient Seierodera marioni larvae is very 
similar to that already described (5) for older individuals. The larva punc- 
tures a cell wuth its stylet, then lies at rest briefly before sucking out part of 
the cell contents. 

The puncturing of a cell wall is accomplished only wdth difficulty despite 
the extreme slenderness of the stylet tip. A larva thrusts its stylet chiefly 
wffien its body is so braced that it may hold its head firmly against a resistant 
surface ,* but, when it is favorably situated and is apparently trying to pimc- 
. ture a cell wall, the rapidity and persistency with which it thrusts are re- 
markable, One larva, observed continuously during 36 minutes, was seen 
to thrust its stylet at approximately the following rates, expressed as num- 
bers per 30 seconds : 52, while the larva slowly moved its head over two cells ; 
81, with the head held securely in one place; 68, while again exploring; and 
107, immediately before puncturing a cell. By thrusting at such rates and 
sometimes for many minutes against a small area of a single cell, the nema- 
tode gradually weakens the resistance of the wall. Perhaps diffusion of some 
substance through the injured wall may provide the stimulus for the nema- 
tode to persist in its attack in one place and finally to exert the special effort 
required for puncturing. After a usually prolonged series of thrusts in 
one place with gradually quickening tempo, the stylet is finally inserted into 
the cell with a series of three or more very rapid jerks, the stylet not sliding 
back between thrusts, and each one carr^dng it farther forward until the 
maximum possible degree of protrusion is achieved. 

Once the stylet tip is fully inserted into a cell, all perceptible motion of 
the nematode stops, Sometimes, after only a few seconds, the stylet is with- 
drawn either with or without 2 or 3 preliminary pulsations of the esophageal 
bulb, and the nematode moves to another cell. Usually, however, after a 
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period of 15 to 30 seconds of rest, the esophageal bulb begins a rapid and 
rhythmic pulsation that may continue 10 to 40 seconds. In the young larva 
this bulb is relatively inconspicuous and the valve at its center is so small 
that the action of the bulb can be recognized only with good definition at high 
magnification. Conditions of observation amply sufficient to detect activity 
of the bulb in a half-growm or mature female are wholly inadequate here. 
Pulsation is very rapid, as indicated by the following approximate numbers 
of complete pulsations per 30 seconds : 90, 95, 120, 91, 95, 93 and 104. These 
rates were computed from counts made during the usually shorter periods 
of pulsation while one larva fed on the surface of a lettuce root. It has not 
been possible in this study to observe movement of cell contents toward the 



Fig. 1. Meterodera wanoni larvae associated with lettuce roots, photographed by 
incident light, x 380. A. Larva in position for initial attempt to feed'. B. Group of 
larvae attacking at a pioint where injury, begun earlier, has already caused the root to 
curve. 

stylet tip nor into the anterior end of the intestine, but evidence from other 
studies (6) leaves no doubt that this rhythmic pulsation of the esophageal 
bulb is the mechanism with which such nematodes injest their food. 

As soon as action of the bulb stops, the larva retracts its stylet and either 
immediately resumes thrusting in approximately the same place, turns its 
head to a different cell, or crawls to a different position before the next period 
of feeding. 

Feeding from Epidermal Cells 

A larva may begin thrusting its stylet intermittently soon after it makes 
eontaet with the root, even in a relatively mature zone (Fig. 1, A), but suc- 
cessful piercing of a wall has not been seen in epidermal tissues older than 
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where root hairs are beginning to develop. As has been described previ- 
ously (7), the larva characteristically migrates down the root toward its tip. 
Some feeding occurs in the old to intermediate elongating zone, but a larva 
rarely persists in such a place long enough to enter the root. Instead, after 
feeding in a cell or two, it advances to the young elongating zone or the 
meristematic region. During such movement it may feed in several cells, 
and in one cell several times. No instance of feeding in a root hair itself was 
observed, although several times larvae were seen to feed in the basal portion 
of a cell from which a root hair was developing. Some epidermal cells look 
no different under the conditions of observation employed here after having 
been fed in than do normal cells, but dermatogen cells, after having been fed 
in several times, frequently appear much disorganized. Time intervals be- 
tween separate feedings are varied, even w^hen the larva is in a favorable site 
and is beginning to penetrate, commonly ranging from two to four minutes. 
Much longer intervals may occur when feeding is interrupted by locomotion. 

Feeding During Entry and Migration Within the Boot 

After a dermatogen or young epidermal cell has been fed in one or more 
times and battered by innumerable stylet thimsts during a period of minutes, 
its w^all may break, allowing the head of the nematode to slip in while the 
disorganized remains of the protoplast flow out into the water film on the 
root surfaceu The larva then commonly continues to penetrate into the root, 
feeding as it goes. Bacteria and protozoa congregate at such points and may 
enter the wound. Other larvae also may be attracted to this point (Pig. 1, 
B), where they attempt to invade the root together. With the still heavier 
infestations illustrated by Godfrey and Oliveira (3) and by Linford (7), the 
larvae crowd so closely together that directional movement of the individual 
is limited. Within such masses they may lie almost motionless but continue 
thrusting their stylets and breaking down numerous cells. Apparently, 
they disturb one another to such an extent that they less frequently are able 
to feed than when distributed singly, and certainly larvae in groups are less 
favorable for observation of the details of penetration. 

After an individual has forced its head into a cell, its feeding continues 
much as on the root surface, periods of rapid thrusting of the stylet alter- 
nating with periods of rest and of sucking. It uses its stylet also both to 
break through walls and to separate cells along the middle lamella. A larva 
may break into subepidermal cells— masses of larvae characteristically do— 
but generally, as reported by other investigators, the individual larva pushes 
between cells as it moves farther into the root. Sometimes, where a subepi- 
dermal cell has been entered, it has been possible to observe the thrusting of 
the stylet into the second layer of cortical cells, with activities similar to 
those on the root surface. Even when the head of the nematode could no 
longer be seen, the occasional period of pulsation of the esophageal bulb gave 
evidence that the same mechanism of feeding was persisting. 

A few fortunate observations have been made on larvae that were migrat- 
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ing ill a sub epidermal position, crowding between cells of the first subepi- 
dermal layer, so that feeding and migration conld still be observed after | of 
the body length was within the root. Such larvae fed repeatedly from cells 
on either side of the head, and also thrust the stylet directly between cells. 
These larvae -were in young tissues where cell walls appeared to afford little 
resistance, and the intervals between feedings were shorter and more regu- 
lar than on the root surface or in a more mature part of the root. As on the 
root surface, one cell frequently was fed in more than once. These larvae, 
in agreement with numerous others that have been observed after penetra- 
tion was almost complete, entered the root with a halting motion : even when 



Fig. 2. Portulaca grandiflora root processed with laetophenol and anilin blue 2 days 
after infestation with Eeterodera marioni larvae. The root tip was distinctly swollen, but 
the only 3 larvae present were in the mature stele, migrating up the root. x 380. A, 
Larva between endo dermis and xylem, apparently wedged between pericyele cells. Two 
other larvae, not shown, were between the primary xylem bundles. B. Part of the swollen 
apical region, showing wide separation of xylem bundles and interrupted xylem elements. 
The dark areas at right of center were brown, apparently marking the path of entry of 
one or more larvae. 

only a little of the tail was exposed to view, the nematode was seen to advance 
approximately one cell length or less, and then lie at rest for 2 minutes or 
more before moving farther in. Such halting advance has been observed 
with larvae penetrating almost directly into the meristem through the side 
of the root cap and with others entering the maturing zone. Consequently, 
there is reason to think that intermittent feeding characteristically continues 
throughout the period of migration. Exceptions have been noted, such as 
larvae observed within the stele of Portulaca grandiflora roots where they 
were completely surrounded by well differentiated tissues (Fig. 2, A). Such 
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larvae, observed in the living condition before the root was processed, ap- 
peared to be trapped in spaces so narrow that they w^ere unable to turn about 
and between walls too heavy for them either to break down or puncture for 
feeding. 


Entering larvae very commonly are found headed toward the root tip, 
perhaps in consequence both of having migrated down along the root surface 



A. Several larvae (upper right) entering a Portulaea root at the edge of a 
inWU ^ ^ begun by earlier penetrants and enlarged by growth of less 

%bt. X 380. B. Disturbed cell pattern in 
nrrnw TTKivVc infested 50 hours earlier with H, manom larvae. The 

hnr ^ closure of a destroyed cell. x 380. 0. Like B, 

but vith a conspicuous line of injury and with a deep hole at arrow. >^190. 
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prior to penetration, and of the forward motion of the root tip through the 
surrounding medium during early stages of entry. Many such larvae, in 
slender roots, continue in the same general direction to the terminal meri- 
stem where the altered orientation of cells or contact with less nutritious 
root cap cells cause them to turn about and start back up the root. 

Some Pathological Effects 

As reported by Christie (2) and earlier workers, larvae move chiefly 
between cells without destroying them. In paraffin sections, however, the 
writer finds a tendency for cells just behind the head of a migrating nema- 
tode to show compact nuclei and sometimes a mild shrinkage of the entire 
cell. These changes may represent abnormal responses to the fixing fluid, 
but probably the basic cause is the altered cell constitution resulting from 
feeding. No attempt has been made in this study to follow cytological 
changes in these cells, but several slender roots have been seen showing 
hypertrophy where larvae have not established for permanent feeding. The 
Port'ulaca grandiflora root shown in figure 2, A, B, contained 3 larvae, all in 
the stele of the mature zone. The root tip was conspicuously swollen, and 
the stele itself was hypertrophied, evidently in consequence of earlier feeding 
of these larvae during migration through the meristem. 

Cells destroyed by the entering larvae are much more numerous in the 
dermatogen and outer periblem than farther in. Distributed singly or in 
small groups, such broken cells tend to be crushed closed by enlargement of 
adjacent tissues, leaving only minor irregularities in root shape beyond the 
disturbed cell pattern (Fig. 3, B, C). More extensive injuries, resulting 
from the attack of numerous larvae on a small root, sometimes result in deep 
holes (Fig. 3, A) or in cracks that may extend into the differentiating stele. 
Such cracking probably is attributable in part to hypertrophy such as 
Christie (2) found to begin promptly after larvae enter a root, but here 
occurring more abundantly and under a broken epidermis. 

In the most extreme instances, the entire root tip is disintegrated without 
gall formation. This has been observed wuth roots of various plants attacked 
by numbers of larvae comparable to those shown in figure 1 of a preceding 
paper (7). In none of these observations have bacteria been excluded, but 
from the promptness of disintegration when well washed larvae were added 
to essentially aseptic seedling cultures, as well as from the actual observation 
of tissue destruction by larvae, there is little doubt that the nematodes them- 
selves are basically the cause of such disintegration of root tips. 

DISCUSSION 

The rhythmic processes of feeding shown by young Heterodera marioni 
larvae on the root surface and during entry into the root are essentially simi- 
lar to those described earlier for large females, the chief differences being in 
rates. Not only does the larva rest more briefly after inserting its stylet into 
a cell, and then feed for a shorter time, but also its stylet thrusts and the 
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pulsation of its bulb are more rapid: No evidence was obtained that tbe 
young larva injects saliva into the cell before sucking out cell contents, but 
the period of rest prior to pulsation appears analogous with the periods of 
demonstrated saliva flow in predacious species of ApJielenchoides (6) and in 
Eeterodera mmom females (5). The essentially non-lethal effects of the 
feeding of these larvae is attested by the scarcity of dead cells along paths of 
migration. The hypertrophy of some such cells described by Christie (2), 
the false gall formation reported by Godfrey and Oliveira (3), and the dis- 
tortion of some lightly infested aerial parts reported by Linford (9) appar- 
ently are all related to the feeding of migrating larvae. 

The factors that cause a larva to terminate its migration present an inter- 
esting question. Mere selection of cells in which it is able to feed does not 
answ^er, otherwise larvae would not have left the meristematie region and 
migrated back into the mature zone, as shown in figure 2, A, B. This condi- 
tion has been seen only in very slender roots, suggesting that migration stops 
only after the larva has already fed during some moderate period. These 
observations also raise, but do not answer, the question of whether a larva 
too nearly starved to be able to enter a root may, by feeding on the root 
surface, so replenish its reserves that it can later expend the energy required 
to force entry. 

Such physical injuries to root tips as are here described probably are 
negligible at the beginning of the crop season under normal conditions. 
After hatching of first or second generation eggs has begun, however, espe- 
cially from exposed egg masses, local concentrations of larvae undoubtedly 
become sufBeient to terminate growth of new rootlets in close proximity to 
such egg masses. Many instances of rootlet disintegration formerly ‘re- 
garded by the writer as results of mildly pathogenic microorganisms invad- 
ing roots of plants weakened by root knot, now appear primarily attributable 
to the root-knot nematode itself. 

The observed entry of microorganisms from the soil into superficial root 
cells destroyed by the penetrating larva raises the question of why bacteria 
are not conspicuously associated with the enlarging or mature nematode at 
its permanent feeding site. Ark and Thomas (1) and Kalinenko (4) have 
demonstrated that bacteria commonly accompany certain nematodes that, 
however, enter chiefly into maturing tissues rather than near the apical 
meristem. Perhaps both the gradual posterior taper of the Eeterodera 
marioni larva to a relatively slender terminus, and the vitality of meriste- 
matic and enlarging root cells, result in too prompt and complete closure of 
the migration path for bacteria to be carried far in appreciable numbers. Or 
possibly bacteria do play a role in gall formation that has not yet been 
recognized. 

The ability of Eeterodera larvae to both macerate root tips and cause 
cracks that extend into a differentiating stele may be as significant as the 
early disintegration of galls in the observed tendency for heavy root-knot 
infestations to accentuate Pusarium wilt of cotton, even in wilt-resistant 
■■varieties.' 
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SUMMARY 

The feeding of Heterodera marioni larvae was observed at 600 diameters 
magnification with cool, incident light and with roots growing in soil or other 
granular medium against eoverslips. 

Larvae may feed repeatedly from epidermal cells before entering the 
root. They continue feeding as they enter into and migrate within it. 

The stylet tip is inserted into a cell after rapid and persistent thrusting 
against the wall; the larva then lies apparently at rest 15 to 30 seconds 
(analogous with the period of saliva flow), next sucks 10 to 40 seconds with 
its esophageal bulb pulsating vigorously, and finally retracts its stylet. 

Young epidermal or dermatogen. cells, especially at the point of entry of 
the nematode, are killed not by feeding but by entry of the larva after the 
wall has been weakened by the stylet. Individual larvae similarly kill some 
cells within the root. 

Larvae attacking in groups destroy many cells, causing holes, cracks into 
the young stele, or, with extremely heavy infestations, disintegration of root 
tips. 

Feeding during entry and migration appears to explain cessation of 
elongation and the swelling of . root tips while larvae are migrating, as well 
as the early hypertrophy of cells remote from the permanent feeding site. 
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STUDIES ON BLACK STEM OF ALFALFA CAUSED BY 
ASCOCHYTA IMPERFECTA" 

Maurice L. Peterson and L. E. Melcherss, 3 
(Accepted for publication October 23, 1941) 

INTRODUCTION 

A black-stem disease of alfalfa in Kansas, the cause of which had not 
preyionsly been published, has been obseiwed for many years. It occasion- 
ally produces serious defoliation and death of the stems during cool wet 
spring seasons. 

Although black stem is of less economic importance in the dry climate of 
Kansas, seed from this State often is used in humid regions where this dis- 
ease is more prevalent. This paper deals with a study of the characteristics 
of the disease, the identification of the causal organism and the methods used 
in artificial inoculations suitable for a systematic testing of alfalfa breeding 
material. Development of black-stem resistant selections of alfalfa offers 
one method of control. 

REVIEW OF LITERATURE 

Stewart, French, and Wilson (8) of New York described black stem of 
alfalfa in 1908, and attributed it to an undescribed species of Ascochyta, 
The fungus was named Ascochyta imperfecta in 1911 by C. H. Peck (3). 

Valleau and Fergus (10) in 1929 reported a similar disease of unknown 
origin on alfalfa, sweet clover, and red clover, in Kentucky, which they 
referred to as black stem. In 1933, Johnson and Valleau (2) found a differ- 
ent organism on each of these legumes. The disease of alfalfa was attributed 
to Phoma medicaginis Malbr. and Roum. A black-stem disease of alfalfa 
was reported in Idaho in 1936 by Remsberg and Hungerford (4), which was 
considered the same as that reported by Valleau and Fergus, and Johnson 
and Valleau, in Kentucky. Toovey, Waterston, and Brooks (9) of England 
compared cultures of Phoma medicaginis Malbr. and Roum., received from 
F. R. Jones of Wisconsin and E. M. Johnson of Kentucky, and Ascochyta 
imperfecta Peck, received from Jones and R. Sprague, wdth the British 
fungus causing black stem, and concluded that all of these cultures were the 
same species, namely, Ascochyta imperfecta Peek. In 1934, Richards (5 ) of 
Utah reported a stem blight on alfalfa of undetermined origin which closely 
resembled the disease caused by A. imperfecta. Similar diseases of alfalfa 
are attributed to Ascochyta medicaginis Fckl. by Rosella (6) in Prance, and 
Phyllosticta medicaginis (Fckl.) Sacc. by Corneli (1) in Italy. 

1 Contribution from the Division of Porage Crops and Diseases, Bureau of Plant 
Industry, IJ. S. Department of Agriculture, cooperating witli tbe Department of Botany, 
eontribution No. 420 and the Department of Agronomy, contribution No. 327, Kansas 
Agricultural Experiment Station, Manhattan, Kansas. 

2 Junior Agronomist, Division of Porage Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Agriculture, and Head, Department of Botany, Kansas 
Agricultural Experiment Station, respectively. 

3 The authors gratefully acknowledge the assistance and advice of Dr. D. B. Creager, 
C. 0. Grandfield, and C. 0. Johnston during the course of these studies. 
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There is a lack of agreement on the cause of black stem of alfalfa, and 
some of the conclusions reached in the literature are indefinite. In view of 
this fact the writers believed it essential to determine the cause of this dis- 
ease as it occurs in Kansas, before attempts were made to study other phases 
of the problem. 

THE DISEASE 

Economic Importance and Geographic Distribution 

Detailed observations of black stem were made in the alfalfa plots of the 
Kansas Agriciiltnral Experiment Station at Manhattan, in 1939. Although 
infection was light compared with that of previous seasons, a loss of over 
15 per cent of the leaves occurred on some of the plots. This loss is of impor- 
tance when it is considered that the leaves contain a much higher percentage 
of protein and minerals than the stems. In seasons of severe infection many 
shoots are entirely killed. 

Johnson and Valleau (2) reported that during long, wet spring seasons 
black-stem kills the early crop of shoots, forcing new crown buds to push 
out from below the soil surface. On poor soil during favorable black-stem 
seasons infection was severe enough to destroy stands. Eichards (5) re- 
ported a loss of 40 to 50 per cent of the yield during a sevei^e outbreak in 
Utah. 

The disease has been found in many parts of Kansas and Nebraska. It 
also has been reported in New York (8), Kentucky (2, 10), Utah (5), and 
Idaho (4). In England (9) it was reported in Hertfordshire, Suffolk, Nor- 
folk, and Bedfordshire and it may have been this same disease which was 
reported in Prance (6) and Italy (1). 

SIGNS AND SYMPTOMS 

The earliest symptoms in spring are small, dark-brown or black spots on 
the stems and leaves. Young stem lesions often are surrounded by water- 
soaked areas that become slightly raised in later stages of growth. Severely 
infected stems turn dark brown or black and die (Pig. 1, A). Immature 
pycnidia develop in the older stem lesions in the winter. By the following 
spring the stems are covered with numerous black pycnidia (Pig. 1, D). 

Under cool humid conditions, the leaf lesions enlarge rapidly, coalesce, 
and vary in size and shape. They are occasionally zoned and surrounded by 
chlorotic areas. Petiole lesions occur as numerous, small, black or brown 
spots, or elongated, diseased areas, which partly or entirely girdle the petiole 
causing the leaflet to wither. Stipules may become diseased (Pig. 1, C). 
Diseased leaves turn yellow and wither before they drop. Such leaves 
usually contain obscure, immature pycnidia. Leaf shedding commences at 
the bottom of the stem and progresses upwards as the disease becomes more 
severe (Pig. 1, B). 

Pield Observations 

The extent of the disease in a field is directly correlated with temperature 
and humidity. It is most severe on the first crop of alfalfa, which usually 
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is produced during the coolest and wettest period of the growing season. In 
Kansas the infection is negligible on the second and third cuttings but 
increases considerably on the fourth crop, when the weather is again cooler 



on (left to right) in the development of black stem 

from^neroofo^ ; ® stages of defoliation (left to right) of alfalfa resulting 
stinules and leavlt^^nf black-stem; C. Black-stem lesions on the petiole, 

Sems of alfalfa ^ alfalfa; D. Pycnidia of Ascochyta imperfecta on overwintered 

and more humid. Small lesions may be observed on leaves and stems in 3 or 
4 days following a rain. Prolonged cloudy, rainy weather is favorable for 
numerous infection periods and rapid spread and development of the disease. 
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THE CAUSAL ORGANISM 

Tlie causal organism of black-stem of alfalfa in Kansas was identified as 
Ascochyta imperfecta Peck. On potato-dextrose agar, tbe mycelium was 
greyish, olive-green, with a whitish margin, and produced abundant pyc- 
nidia containing both uniseptate and unicellular spores of variable size, but 
of dimensions within the range of 6-15 x 2.5-4 p as first described by Peck 
(3) and later by Toovey, 6]^ aL (9). 

Life History 

Infection takes place early in the spring when the first shoots of alfalfa 
appear. Spores are disseminated by rain drops that strike diseased over- 
wintered leaves and stems (Fig. 1, D). The spores germinate within a few 
hours and the germ tubes enter the alfalfa leaves and stems, probably by 
direct penetration. The mycelium grows rapidly through the tissue, and 
diseased areas may be seen with the naked eye 3 to 4 days after infection 
has taken place. Infected tissue becomes necrotic and pycnidia soon develop. 

The organism remains dormant in the host tissue during the dry, hot 
season, but fruiting is resumed in the fall, with the coming of cool, humid 
conditions. The inoculum for the fourth cutting was found originating 
chiefly from diseased crop residue from the first cutting. Spores are ex- 
pelled in a continuous stream through the ostiole of moistened pycnidia, 
following rains. Diseased crop residue from the fourth cutting is the most 
prolific source of inoculum for spring infection, although spores remain 
viable in diseased stems and leaves from other cuttings. Maturation of pyc- 
nidia takes place in early winter, when temperature and moisture conditions 
are favorable, but probably both the mycelium and pycnidia remain dor- 
mant during the winter months. 

Temperature Eelations 

Temperature relations of Ascochyta imperfecta were determined by 
measuring the mycelial growth on plates of potato-dextrose agar at 3-degree 
intervals, using a range from 9° to 33° C. 

Spores originating from single hyphal-tip cultures were allowed to germi- 
nate on the agar before the plates were transferred to the incubators. 
Growth measurements were made 4 days after exposing 2 series of 45 plates 
each to 9 different temperatures. 

Growth was very slow at 9°, but increased up to 21° and fell off slightly 
at 24°. Above 24° growth decreased rapidly ; very little occurred at 33° 
(Fig. 2). 

The margins of colonies were of a frayed and cottony appearance in the 
9° to 18° temperatures, but became clearly defined at the higher tempera- 
tures. The cottony margins of the colonies where no fruiting occurred be- 
came narrower with increasing temperatures. Pycnidia were produced at the 
periphery of the colonies at 27° and 30°, but none occurred at 33°. Fruiting 
took place from 9° to 30°. Pycnidia, produced at lower temperatures, were 
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small and translucent but became darker at higher temperatures. The cul- 
tures kept at the 18° to 24° temperatures were olive green. The 27° cultures 
were darker colored, while the 30° and 33° cultures were dark- and light-tan, 

respectively. 

Further observations of the effect of temperature on fruiting were made 
on sterile alfalfa leaves. Leaves of uniform size and age were selected from 
a single plant and placed on microscope slides. These were placed in small 
moist chambers. Three leaves were placed on each of 27 slides in a like 
number of moist chambers and autoclaved at 15 lb. for 20 min. After cool- 



PiG. 2. Temperature relations of Ascochyta imperfecta determined, by measuring 
the width of colony at the end of four days. 


ing, a suspension of spores from a pure culture was placed on each leaf, and 
36 hours were allowed for germination before placing the leaves in the incu- 
bators. After 6 days the leaves were carefully examined. 

Pycnidia were produced throughout the range of temperatures, but were 
exceptionally abundant at 21° to 27°. They were larger at 21° and 24° than 
at any other temperature, but most numerous at 27°. Approximately 1,500 
pycnidia were counted on one leaf at the 27° temperature. These pycnidia 
produced no spores during the experiment. 

Inoculation Studies 

The fungus was grown on potato-dextrose agar, alfalfa stems, alfalfa 
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leaves, and sweet-clover stems in an effort to determine the most satisfactory 
medium for the production of a large supply of viable spores for artificial 
inoculations. The best medium proved to be sterile, second-year sweet-clover 
stems. They were kept moist with an inch of water agar in the bottom of 
the test tube. Sweet-clover stems inoculated with spores along one side 
developed cottony mycelium, with pyenidia appearing later (Fig. 3) . Spores 
from cultures prepared in this , manner were viable after storage in a 
refrigerator at about 40° F. for 6 months. 



Fig. 3. Pyenidia of Ascochyia imperfecta on sterile sweet clover steins. 

Inoculations on alfalfa were made by spraying spore suspensions in dis- 
tilled water on healthy plants that were then placed in a moist chamber for 
3 to 5 days, depending upon the season of the year and greenhouse tempera- 
tures. A shorter time was required in winter. The relative humidity in the 
damp chamber was between 90 and 100 per cent, and the temperature be- 
tween 65^^ and 70° F., except in summer, when it was higher. Typical young 
black-stem lesions developed on the leaves, petioles, and stems of alfalfa 
within 3 days. Stem lesions, however, were less abundant than in the field. 
On several occasions the fungus was reisolated from inoculated plants and 
compared with the inoculum, thereby proving its identity and pathogenicity . 

The effect of age of the leaf upon ease of infection by the black-stem 
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organism was determined by charting the growth of 3 plants each of Turke- 
stan and Ladak varieties that had previously been cut back to the ground. 
The purpose of conducting this experiment was to determine if the recovery 
of different plants or varieties following cutting w^as a factor affecting sus- 
ceptibility. The plants were artificially inoculated after charting growth 
for 23 days. When sufficient time had elapsed for infection, each leaf was 
scored from 1 to 5, depending upon severity of infection, using as a guide a 
photograph of diseased leaves illustrating the severity of disease on leaves 
representative of each number. Consideration was given to size and abun- 
dance of lesions. The disease score of leaves of an age group was determined 
by averaging the score of all leaves within the group. The results are shown 
in table 1. There is no relationship between leaf age and severity of infec- 
tion, as determined by this experiment. 

TABLE 1 

Nimerical disease score of leaves of various ages on six alfalfa 'plants 


Age of leaves in days 


Plant 

No. 

0-4 

5 

-9 

10- 

-14 

15- 

-19 

1 20- 

i 

■23 

No. of 

Dis- 

No. of 

Dis- 

No. of 

Dis- 

No. of 

Dis- 

1 No. of 1 

Dis- 


leaves 

ease 

leaves 

ease 

leaves 

ease 

leaves 

j ease 

1 leaves 

ease 

T-urk. 1 

7 

; 2.14 

7 

2.29 

12 

2.00 

11 I 

2.00 

9 

2.11 

2 

12 

5.00 

16 

4.81 

16 

4.69 

22 

5.00 

2 

5.00 

u 3 

16 

4.69 

13 

4.69 

18 

; 4.61 

24 1 

4.88 

0 


Ladak 1 

9 

3.88 

8 

4.13 

12 

3.08 

11 

2.82 

2 

2.50 

2 

9 

3.22 

9 

, 2.88 

12 1 

2.42 

15 

4.33 

0 


3 

10 

2.70 

10 

2.30 

12 

2.50 

8 

3.13 

0 


Av. 

10.5 

3.61 

10.5 

3.52 

13.7 

3.22 

15.2 

3.69 

4.3 

3.20 


HOST RANGE 

Toovey, Waterston, and Brooks (9) secured slight spotting of leaves on 
Yicm sativa L. and lesions similar to those on alfalfa on Trifolmm pratense 
L., and Medicago htpuUna L. by artificial inoculation with Ascochyta imper- 
fecia. Sprague (7) secured infection to a slight degree on Meliloiiis indica 
(L.) AIL, M, officinalis (L.) Lam., Trifolmm hylridum L., and T, pratense 
L. Johnson and Valleau (2) repox't that Phoma medicaginis pToduced 
blackening of the stems of red clover and sweet clover, as well as those of 
alfalfa. No other studies seem to have been made on this phase of the work. 

The investigation herein reported served to test the susceptibility of 
varieties and selections in the field and greenhouse. In connection with the 
variety test, approximately 50 plants each of Medicago falcata L. and M. 
ruihenica Trautv, were found to produce typical lesions when artificially 
inoculated with Ascochyta imperfecta. These species, however, were more 
resistant to black stem than was common alfalfa. Certain varieties and 
plants within a variety showed definite indications of resistance. In some 
eases resistance appeared to be associated with glossy leaves that possibly 
shed moisture. 
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Studies on varietal resistance, and other methods of control of alfalfa 
black stem will be reported in a forthcoming paper. 


summary 

Black stem of alfalfa, occurring in Kansas, has been traced to Ascocliyta 
imperfecta Peek. This disease causes destructive defoliation and discolora- 
tion of the hay crop. It is most severe during cool moist weather, and the 
first crop of hay is more heavily infected than subsequent cuttings. 

The organism probably ovei’winters as dormant mycelium and pycnidia 
in crop residue. Field infection takes place by splattering raindrops, which 
carry spores from diseased tissue to the growing alfalfa shoots. 

The optimum temperature for growth of the pathogen in culture was 
21° C. Slight growth w^as observed at 9°, and very little occurred at 33°. 
Pycnidia were produced throughout the range from 9° to 30°, and were most 
abundant at 27°. 

The most satisfactory method of prodircing viable spores for artificial 
inoculations was to grow the fungus on sterile sweet- clover stems in test 
tubes. Inoculations were made by spraying spore suspensions on healthy 
plants and placing them in moist chambers from 3 to 5 days. No relation- 
ship existed between age of alfalfa leaves and severity of infection following 
artificial inoculation. 

Medicago falcata L. and M. rtithenica Trautv. were added to the host 
range reported in literature. 


LITERATURE CITED 

1. CoRNELi, E. Sopra una grave alterazione della Mediea prodatta da ‘ Plijllosticta 

medicaginis ^ Puck, a Perugia. Kev. Path. Veg. 22: 3-4, 51-58. 1932. 

2. Johnson, E. M., and W. D. Valleau. Blaek-steni of alfalfa, red clover, and sweet 

clover. Kentucky Agr. Exp. Stat. Bull. 339. 82 p. 1933. 

3. Peck, C. H. Report of the State Botanist, 1911. Species not before reported. 

New York State Mus. Bull. 157. 21 p. 1912. 

4. Remsberg, Ruth, and C. W. Hungerford. Black-stem of alfalfa in Idaho. Phvto- 

path. 26: 1015-1020. 1936. 

5. Richards, B. L. Reaction of alfalfa varieties to stem blight. Phjtopath. 24: 824- 

827. 1934. 

6. Eosella, E. Observations sur Jj^Ascochyta de la Luzerne. Rev. Path, V^g. 16: 

226-229. 1929. 

7. Sprague, R. Host range and life-history studies of some leguminous Aseochvtae. 

Phytopath. 19: 917-932. 1929. 

8. Stewart, P. C., G, T. French, and J. K. Wilson. Troubles of alfalfa in New* 

York. New York (Geneva) Agr. Exp. St at. Bull. 305. 416 p. 1908. 

9. Toovey, P. W., J. M. Waterston, and P. T. Brooks, Observations on the black- 

stem disease of lucerne in Britain. Ann. of App. Biol. 23: 705-717. 1936. 

10. Valleau, W. I)., and E. N. Fergus. Black-stenl of alfalfa, sweet clover, and red 
clover. Phytopath. 19: 507-509. 1929. 


LIPOLYTIC ACTIVITY OP PHYTOPATHOCENIC BACTERIA 
DETERMINED BY MEANS OP SPIRIT BLUE AGAR 
AND ITS TAXONOMIC SIGNIFICANCE 

Moetimee P. Staeei and Waltee H. Btjekholdees, s 
(A ccepted for publication October 23, 1941) 

The action of phytopathogenie bacteria on fats has received scant atten- 
tion from students of this group of microorganisms. Jodidi (14) demon- 
strated crystals of the higher fatty acids in a skim-milk culture of Bacterium 
pnmi and accepted this as evidence that this species produces lipolytic en- 
zymes. Castell (5), by means of a modification of Turner's (18) Nile-blue 
medium, and Castell and Garrard (6), by means of a titrametrie technique, 
showed that Phyiomonas campestris could decompose fats and that Erwinia 
carofovora lacked this ability. No other mention of lipolytic activity in 
cultures of related plant pathogens has been found despite a thorough search 
of the available literature. 

Probably one of the reasons why the ability to decompose fats has been 
overlooked, in studying the physiology of these bacteria, is that methods for 
detection of this character had not been sufficiently developed to be readily 
applicable to routine use. It seemed possible that the spirit-blue-agar tech- 
nique, recently developed by the senior writer (17), might prove satisfactory 
for this purpose. This medium is essentially a tryptone-yeast extract agar 
containing a finely dispersed cottonseed-oil emulsion and the indicator dye, 
spirit blue. It is prepared in sterilized Petri plates for streaking. The 
fresh sterile medium is pale lavender, if the pH be properly adjusted. 
Lipolytic^ bacteria, streaked on the agar, cause the development of a perma- 
nent^ characteristic, deep-blue color beneath and around the colony ; colonies 
of non-lipolytic^ bacteria produce no comparable change. 

It is the writers' purpose to report here on the decomposition of cotton- 
seed oil by various phytopathogenie bacteria as shown by the spirit-blue- 
agar method, and to evaluate this ability as a taxonomic character. 

EXPEEIMENTAI/ 

-Cultures of the organisms listed in the tables were streaked on plates of 
spirit-blue cottonseed-oil agar (17). Control plates lacking the cottonseed 
oil usually were inoculated at the same time, with the intention of guarding 
against the possibility of development of the blue reaction in the absence of 

1 Brooklyn College, Brooklyn, New York. 

2 Cornell University, Ithaca, New York. 

3 The writers wish to express their appreciation to those workers, who by their gener- 
ous contributions of cultures, have furthered this investigation. An extension of this work 
is in progress and receipt of any authentic cultures of plant pathogenic bacteria will be 
welcomed. 

^ The actual reaction shown by spirit-blue agar is possibly more than hydrolysis of 
the fat. In this paper, the writers wish the term Upolysis to indicate that particular action 
on cottonseed oil that is revealed by the spirit-blue-agar technique, without committing 
themselves as to the actual mechanism of that action. 

ms 
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fat. No control plate of this type ever showed a spurious reaction. As an 
additional precaution, each new batch of the medium was tested with a series 
of bacteria of known fat-decomposing ability. All cultures were incubated 
at 27-30° C. and observed periodically for not less than two weeks. Each 
culture was studied in this manner at least twice and each of the reac- 
tions given in the tables is thus the resultant of numerous independent 
observations. 

In the following tables, the species of the genus Phytomonas Bergey et 
al. are allocated to the genera or groups that have been suggested (1, 2, 3, 
10, 13) as indicating more correctly the true relationships of these organ- 
isms; the reasons for accepting these groupings are discussed more fully 
below. This division should occasion little inconvenience, since it is essen- 
tially the arrangement of the species in the fifth edition of Bergey ’s 
Manual (2). 

discussion 

Examination of these data reveals that the members of the genus Phyto- 
monas Bergey et al. vary in their ability to decompose cottonseed oil, as 
shown by the spirit-blue-agar method. This might be expected, since the 
genus was erected mainly on the basis of plant pathogenicity and, actually, 
as various investigators (1, 3, 9, 10, 13) have shown, consists of several 
physiologically unlike groups. In the discussions that follow, it will be 
shown that the members of any one of these groups usually have a similar 
and characteristic reaction on spirit-blue agar. 

The possible value of lipolysis as a taxonomic character may be indicated 
by the fact that, regardless of source or age of culture, isolates of any one 
species give identical reactions by the spirit-blue-agar method. For exam- 
ple, none of the 11 isolates of Pseudomonas syringae, received from differ- 
ent laboratories under 9 synonyms, were lipolytic by this method. A simi- 
lar situation obtained with Xanthomonas phaseoU, in which case all the 
isolates, including two varieties, were lipolytic, even though some of the 
strains were more than 15 years old. Additional confirmation will be found 
in the tables. 

Consideration of the data in the tables may be more revealing if the fat- 
splitting ability of each of the diverse groups which comprise the genus 
Phytomonas Bergey et al. is discussed in turn. 

Xanthomonas. The yellow-pigmented, monotrichous or nonmotile, 
slime-forming, gram-negative, nonsporing, rod-shaped bacteria, which may 
cause disease in plants, were placed by Dowson (10) in the new genus, 
Xanthomonas. This genus, with certain exceptions, is synonymous with the 
subgroup, ^‘Phytomonas proper,” of the genus Phytomonas Bergey et al. 
(2), and with those species frequently referred to as the Phytomonas cam- 
pestris group. For reasons advanced and reviewed by Dowson (10) and 
supported by the junior writer (3, 4), it seems desirable to refer to these 
organisms as Xanthomonas species, especially since Elliott (11) has pointed 
out that Phytomonas is a homonym. 
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Xantkomonas species are actively lipolytic by the spirit-blue cottou- 
seed-oil agar method. The data included in table 1, show that isolates of 


TABLE 1. — The lipolyUe activity of some strains of Xanthomonas on spirit-Uue cot 
tonseed-oil agar 


Species 

1 

Source 

Lipolytic ability 

Xanthomonas harhareae 

WHBa BI, BB ' 

Active 

Xanthomonas 'hegoniae 

Oregon WHB 96 

Active 

ii a 

WHB 

Active 

Xanthomonas campestris 

WHB 85, 86, E4 

Active 

cc a 

Xanthomonas campestris v. 

Oregon WHB G 22 

Active 

armoraeiae 

WHB HI 

Active 

Xanthomonas corylina 

Oregon 5401, 5402, 5403 

Active 

ic cc 

WHB 78 

Active 

Xanthomonas geranii 

WHB Gl, G2, G3, 87, 89 

Active 

Xanthomonas gummisudans 

WHB 94 

Active 

Xanthomonas hederae 

WHB 16 

None 

Xanthomonas holcieola 

Elliott 102 

Active 

Xanthomonas juglandis 

WHB 77 

Active 

c c cc 

WHB 79 

Slight 

C( cc 

1 Oregon 5080, 5171, 5184 

Active 

Xanthomonas malvacearum 

Braun B87 

None 

c c cc 

MPSal, 2, 3, 4 

None 

Xanthomonas papavericola 

WHB 47, 48 

Active 

Xanthomonas pelargonii 

WHB 100, WHB 92 

Active 

C C Cl 

Oregon WHB 93 

Active 

Xanthomonas phaseoU 

WHB E2 

Active 

c c cc 

Oregon WHB 5 

Active 

c c cc 

Braun B16 

Active 

c c cc 

; Hedges 

Active 

cc cc 

MPS 1941 i 

Active 

Xanthomonas phaseoU y. fuscans 

WHB 8 

Active 

Xanthomonas phaseoU v. sojense 

WHB 11 

Active 

Xanthomonas pruni 

Oregon WHB 24 

Active 

cc cc 

Braun B65, B67 

Thornberry 1, 2, 3 

Active 

cc cc 

Active 

Xanthomonas rubrilineans 

Braun B90 

None 

Xanthomonas translucens 
Xanthomonas translucens v. 

WHB 61, 90 ■ 

Active 

undulosa 

WHB 83, 91 

Active 

Xanthomonas vaseulorum 

WHB 49 

Active 

Xanthomonas vesicatoria 

Pepper WHB 1, 2, 3, 4, 5, 6, 



7, 99 

Active 

cc cc 

Tomato WHB 13, 16, 38, YI 

Active 

a cc 

Xanthomonas vesicatoria v. 

Unknown Ark 

Active 

raphani 

Xanthomonas sp. (Kendrick ^s 
stock, Matthiola incana, 
jpathogen) 

Lincoln 

Active 

WHB Stl 

Questionable 

cc cc \ 

WHB St2, St3 

Active 


a The designation WHB indicates the culture collection of the junior writer; MPS, 
that of the senior writer. 


21 of the 24 authentic species and varieties of Xanthomonas examined were 
able to decompose cottonseed oil. It should be noted that the previously 
mentioned observations of Jodidi (14) and of Castell (5, 6) concerning the 
lipolytic activity, respectively, of X pruni and X. campestrisy are thus con- 
firmed. It is significant that X. ruhrilineanSy one of the few species in this 
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group that is not lipolytic, does not conform closely to certain other cul- 
tural characteristics of this genus. 

Phytopathogenic Pseudomonas, The close relationship of the green- 
fluorescent, pigment-producing phytopathogenic bacteria now in the genus 
Phytomonas Bergey et al, to the saprophytes and animal pathogens now in 
Bergey’s Manual in the genus Pseudomonas Migula has been shown by sev- 
ei-al workers. Eahn (15) has already pointed out the /‘practical impossi- 


TABLE 2. — The lipolytic activity of some phytopathogenic Pseudomonas on spirit- 
l)lue cottonseed-oil agar 


Species 

Source 

Lipolytic ability 

Pseudomonas aceris 

Ark 

None 

Pseudomonas alliicola 

WHBa Onl, AN, 1, 2, 4, Bl, 



R2, B4 

Active 

Pseudomonas andropogoni 

Braun B82 

None 

Pseudomonas angulata 

Braun B99 

None 

Pseudomonas h erh eridis 

WHB G35 

None 

Pseudomonas caryophylU 

WHB EC, 3, 4, B, R2, B3, 



R8, EE7, KB, Car 1 

Active 

it ti 

WHB 0, E4, Jones 

Slight 

Pseudomonas cichorii 


(endiviae)^ 

WHB G18 

None 

Pseudomonas coronafaciens 

Elliott 75 

None 

Pseudomonas delphinii 

WHB G36 

None 

Pseudomonas glycinea 

WHB G8 

None 

Pseudomonas lachrymans 

WHB ai2 

None 

Pseudomonas lapsa 

Ark 

None 

Pseudomonas marginata 

WHB (140 

Active 

Pseudomonas maculicola 

WHB G37, Cl 

None 

Pseudomonas medicaginis 
Pseudomonas medicaginis 

WHB GIO 

None 

V. phaseolicola 

WHB 1, G3, G29, G31, A, 



MBS 1941 

None 

Pseudomonas mors-prunorum 

Braun B69 

None 

Pseudomonas pisi 

WHB G32 

None 

Pseudomonas polycolor 

WHB Gll 

Active 

Pseudomonas primulae 

Ark 

None 

Pseudomonas striafaciens 

Elliott 70 

None 

Pseudomonas syringae 
Pseudomonas syringae 

WHB G7, SyE, Syl 

None 

(vignae)^ 

Pseudomonas syringae 

WHB G15 

None 

(vignae V. leguminophila) 
Pseudomonas syringae 

Braun B45 

None 

(cerasi v. prunicola) 
Pseudomonas syringae 

Braun B38 

None 

{prunicola) 

Braun B70 

None 

Pseudomonas syringae {hold) 
Pseudomonas syringae 

WHB 028 

None 

{trifoliorum) 

WHB 020 

None 

Pseudomonas syringae {cerasi) 
Pseudomonas syringae 

WHB 021 

None 

{utiformica) 

WHB 024 

None 

Pseudomonas t abaci 

Penn. State 

■None 

Pseudomonas viburni 

Thornherry 1, 2, 3 

None 

Pseudomonas viridiflava 

WHB, 04, 05 

None 

Pseudomonas viridiUvida 

WHB 023 

None 

Pseudomonas woodsii 

WHB 034 

None 


a See footnote, table 1. 

b Species names in parentheses are those synonyms under which the cultures -were re- 
ceived. 
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bilities’V involved in a separation of these two groiips of microorganisms 
based solely on the character of plant pathogenicity. The comparative 
studies of Clara (7), Seleen (16) and others have demonstrated the cultural 
similarity of these groups, and a merger of the two genera has been recom- 
mended (1, 3, 10). In this study, the green-fluorescent, and certain related 
but nonpigmented, plant pathogenic bacteria will be referred to as species 
of Pseudomonas, 

The strong lipolytic activity of a number of saprophytic species of Pseu- 
domonas has been reported (5, 6, 8). The writers, also, have observed that 
15 isolates of the saprophyte, Ps, fiuorescens, were strongly lipolytic by the 
spirit-blue cottonseed-oil-agar technique. Accordingly, it may be surpris- 
ing to learn from the data in table 2 that the majority of phytopathogenic 
Pseudomonas species studied did not split cottonseed oil by this method. 
Of the 27 species tested, isolates only of 4 species were lipolytic. Of these 
lipolytic plant pathogenic species, at least one, Ps, polycolor, is culturally 
so closely related to the lipolytic saprophyte, Ps. fiuorescens, that any at- 
tempt at a separation, except on the basis of plant pathogenicity, is at 
present impossible. The other 3 lipolytic species, Ps. alUicola, Ps. cargo- 
phylli, and Ps. marginata, have never been known to produce a green-fluores- 
cent, diffusable pigment, and, possibly, are not now classified correctly. 

The Gall-forming, RhizoUum-liJce Group. The junior writer (3) pointed 
out the close relationship of certain of the gall-forming phytopathogenic 
bacteria to the Rhizobiaceae Conn and, later, Conn, Wolfe, and Ford (9) 
and Hofer (12) discussed the taxonomy of these species. The data in 
table 3 indicate that the twelve strains of tumefying Phytomonas, cultured 
on spirit-blue cottonseed-oil agar, showed no typical lipolytic reaction, 

■ # 

TABLE 3. — The lipolytic activity of the gall-forming phytopathogenic hacteria and 
of some related Uhwo'bweae on spirit-hlue cottonseed-oil agar 


Species 

Source 

Lipolytic ability 

Phytomonas gypsophilae 

IST. Brown 

None 

Phytomonas pseudotsngae 

Hansen 

None 

Phytomonas rhi^o genes 

Hildebrand 

None 

Phytomonas savastanoi 

Braun B40 

None 

a ii 

Phytomonas savastanoi 

0. 0. Smith 

None 

V. fraxini 

IST. Brown 

None 

Phytomonas tonelUana 

C. 0. Smith 

None 

Phytomonas tumefaciens 

A.T.C. 6408 

None ► 

it ti 

Hildebrand B2, BP 

None 

a it 

BM^ohium leguminosarum 

Braun B2, B6 

None 

(Medicago) 

Bhimhium leguminosarum 

MPSa 

None 

(Arachis) 

MPS 

None 

Chromohacierium violaceum 

MPS 

None 

Chromohacterium ianthinum 

MPS 

None 

Alcaligenes fecalis 

MPS 

None 

Alcaligenes radiohacter 

.Hofer 

None 


a See footnote, table 1. 
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altliougli certain cultures caused a transient bluing of tbe medium, tlie 
significance of which is not yet understood. The fact that 6 strains belong- 
ing to the 3 genera of the Rhizobiaceae were also without demonstrable fat- 
splitting ability may be a further indication of the postulated relationship. 

The Cory nehacterium (Gram-positive) and Phytomonas stewartii (Gram- 
negative) Groups. On the basis of his extensive studies, Jensen (13) con- 
sidered that at least 4 species of plant-pathogenic bacteria belong in the 
gm'xm Cory nehaotermm Lehmann and Neumann. It is likely that other 
gram-positive species included in Bergey’s Manual (2) as part of ^‘Appen- 
dix II’’ of the present genus Phytomo7ias are also species ot Coryneiac- 
terium; these are so indicated in table 4. Since the taxonomic position of 


TABLE 4. — The Upolytid activity of the phyto pathogenic corynehacteria {gram- 
positive) and of the Phytomonas stewartii (gram-negative) group on spirit -hlue cotton- 
seed-oil agar 


Species 

Source 

Lipolytic ability 

Cory nehacterium fascians 

Oregon PI, P2 

Hildebrand K, S 

Slight or questionable 

Ct (< 

Slight 

Corynehacterium fiaccumfaciens 

V^HBa 81, S2, S3, S4, S5, S6, 

S7, S9, S20, S31 

Oregon WHB S24 

None 

Cory nehacterium insidiosum 

None 

(C (( 

Fitzpatrick All, A21, A34, 
A39, A41, A42, A50, A54, 
A55, A57, A74, A77, A80, 



A81, A89, A91, A97, A99 

None 

Corynehacterium michiganensis 

WHB Sll, S18, S29 

None 

Phytomonas stewartii 

Braun B93, B95 

None 

C( (t 

Elliott 403517, 403558 

None 

{( iC 

Lindstrom — ^virulent 3152, 



3153, 3155, 3156 

None 

i( a 

Lindstrom — avirulent 3151, 



3154 

None 

<S it 

WHB S13, S15, S16 

None 

Phytomonas manihotis 

WHB 1, 2, 4, Rl, R2, E3, R4 
WHB 826 

Slight or questionable 

Phytomonas tardicrescens 

None 


a See footnote, table 1. 


the gram-negative species, Phytomonas stewartii^ P. tardier esoens, and P. 
manihotisy is rather uncertain, it will not be discussed further here, and the 
name Phytomonas is retained. 

As shown in table 4, none of the phytopathogenic corynebacteria or of 
the gram-negative Phytomonas stewartii group are actively lipolytic by the 
spirit-blue-agar method. However, it should be noted that Coryhelacterium 
fascians and Phytomonas manihotis show a weak or questionable reaction. 

SUMMARY 

The spirit-blue-agar technique was used for studying decomposition of 
cottonseed oil by phytopathogenic bacteria. Two hundred and six cultures 
belonging to ^5 species and varieties of the genus Phytomonas Bergey et al. 
were examined by this method. The reaction on spirit-blue cottonseed-oil 
agar may be of value in classifying the plant-pathogenic bacteria, since iso- 
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lates of any one species give similar reactions regardless of source or age of 
the culture. Moreover, eacli of the groups comprising the genus Phyto- 
manas Bergey et al. appears to have a tolerably characteristic ability to 
decompose fat as shown by this technique. Of 24 Xanthomonas species and 
varieties tested, 21 are actively lipolytic. Isolates of only 4 of the 27 species 
of phytopathogenic Pseudomonas are lipolytic j further study may reveal 
other, more coi*rect, relationships for these lipolytic species. None of the 
18 isolates of gall-forming plant pathogens and related Bhizobiaceae thus 
examined gave a typical lipolytic reaction. None of the tested species of 
phytopathogenic CoTynehaoterium or of the Phytomonas stewartii group are 
actively lipolytic, although in two species there was recorded a slow or ques- 
tionable reaction. The taxonomy and nomenclature of the plant-pathogenic 
bacteria are discussed particularly in the light of this study. 
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THE BROAD RING-SPOT VIRUS 

J A M E S J 0 H N S O N A N B ROBERT W . P U L T 0 N* 1 

(Accepted for publication November 22^ 1941) 

Because of the number of viruses occurring naturally on' tobacco {Nico- 
tiana tabacum L.)? and the common use of this host as a test plant for many 
others, it may be of some value to describe more fully a new virus reported 
from this laboratory in 1938 (2). This virus, to which* the common name 
broad ring-spot was applied, is also of some interest because of its natural 
occurrence in only a single instance on tobacco, a circumstance that may 
eventually have some bearing on theories concerning the origin of viruses. 
Not only did the virus fail to appear in any other fields surveyed in 1938, but 
it has not been found since 1938 in the same or other fields. In 25 years of 
fairly extensive surveys for virus diseases in Wisconsin tobacco fields, it is 
not recalled that similar symptoms have ever been noted, nor have they 
been seen in numerous tobacco fields of other States inspected by the senior 
writer. The virus, therefore, should be regarded as extremely rare on 
tobacco. Nothing is known of its natural occurrence on other host plants, 
many of which are now known to be susceptible to the virus by artificial 
inoculation. 

Broad ring spot was found in a 6-acre field of tobacco near Edgerton, 
Wisconsin, on a crop nearing the topping stage. About 30 per cent of the 
plants in the field showed distinct symptoms. The disease was at first 
thought to be ordinary tobacco ring spot (5), known not to occur naturally 
in Wisconsin. Specimens of the leaves were taken to the laboratory and 
photographed (Fig. 1, A), Young tobacco and tomato plants, in the green- 
house, were inoculated wdth extracts. Good infection and symptoms were 
readily obtained on both hosts (Fig. 1, B and C). Since ordinary tobacco 
ring-spot virus is not knowm to infect tomato by the extract method of in- 
oculation, more detailed comparative studies were undertaken, particularly 
with Prices’ tobacco ring-spot No. 2 (3), Imle and Samson’s tomato ring-spot 
(1), and Zaumeyer’s alfalfa-mosaic virus (6). These viruses were secured 
either directly or indirectly from the above-named investigators. 

SYMPTOMS 

The symptoms of the broad ring-spot disease are not sufficiently dis- 
tinctive to permit satisfactory or reliable identification of the causative virus 
on this basis alone. The relatively wide band of chlorotic or necrotic tissue 
comprising the circumference of the ring is, compared to other ring spots, 
often distinct, but the variability is too great to allow one to attribute much 
diagnostic significance to this character. 

On young tobacco plants (variety Havana No. 38), the first symptoms 
on inoculated leaves appear as indistinct yellowish spots in 4 to 6 days. 

1 Supported in part by allotments from the University of Wisconsin Research Fund. 
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tlie original collection of broad ring spot from the 

field Artiflrial°Zr.n?''t- 0“ ^^0“* 30 per cent of the plants in a 6-acre 

tiLs of '’road ring spot to tomato under greenhouse condi- 

tiL ^C^Art firist less telnet ring-spot symptoms and considerable distoi- 

tion. 0. Artificial inoculations with broad ring-spot virus by the wiping method pro- 

inoculative symptoms on tobacco (leaf at left) bS: iLre abundant 
and distinct systemic symptoms (leaves at center and right). 

These local areas may show a few fine, concentric, necrotic lines (Fig. 1, C), 
but more often the lesions become chlorotic rings. Systemic symptoms de- 
velop in about 7 days. The young, systemically infected leaves may at first 
b^ome slightly puckered along the veins, resulting in some malformation 
( ig, 2, A). Small chlorotic rings then appear, often 2 or more being ar- 



3me puckering and malfc 
symptoms of broad ring 
:igbt) leaves. 0. The s;; 
LCt eristic of those on oth 


Fig. 2, A. Broad ring-spot virui 
on systemieally infected tobacco leav 
artificially inoculated sunflower (left 
of broad ring spot on Nicotiana gluti 
but the leaves are often variously def< 
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ranged concentrically (Fig. 1, A). Their location seems to bear no definite 
relation to the veins, as contrasted to ordinary tobacco ring-spot symptoms. 
Systemic symptoms appear on 2 or 8 young leaves. Succeeding new leaves, 
as they are produced, are apparently healthy. This recovery, however, is 
not permanent. Following the development of 3 or 4 apparently healthy 
leaves, it is not nnnsual for a young leaf to again develop symptoms especi- 
ally on the tip half of the leaf. It has been shown also that the virus is 
present in the leaves showing no symptoms. Such leaves do not yield symp- 
toms at the point of inoculation with broad ring-spot virus, although they 
may be infected with the viruses of potato ring spot, ordinary tobacco ring 
spot, tobacco ring spot No. 2, and alfalfa mosaic. 

In the early fall and late spring, when greenhouse temperatures are 
higher, the chlorotic type of ring spot is partly replaced by fine, brown, 
necrotic rings. This type of symptom was characteristic also of the ap- 
pearance of the disease in the field (Fig. 1, A). On tomato (variety John 
Baer), the virus also induces definite chlorotic and necrotic ring-spot 
symptoms. The rings, however, are somewhat broader than on tobacco 
leaves, and follow the veins to a greater extent (Fig. 1, B), Tomato leaflets 
usually are distorted by the virus to a much greater extent than are tobacco 
leaves. 

TRANSMISSION OF THE VIRUS 

The broad ring-spot virus is easily transmitted by mechanical inocula- 
tion. In some early trials, higher percentages of infection were obtained 
with diluted extracts of the virus if the leaves to be inoculated were first 
lightly dusted with carborundum powder. ConseGiuently, carborundum 
powder was used in all property studies. 

No extensive trials have been made in an effort to find insect vectors of 
the broad ring-spot virus. In 7 trials, however, involving the transfer of 
several thousand aphids {Myzus persicae Sulz.) from diseased plants to a 
total of 35 healthy tobacco plants no transmission of the virus by this insect 
has occurred. 

PROPERTIES OP THE VIRUS 

Property trials were made on the fresh extract of diseased tobacco plants. 
In table 1 is shown a summary of the data on the thermal death-point, 
longevity in vitro, and tolerance to dilution. 

Thermal death-point determinations were made by heating 1 cc. of fresh 
leaf extract in a thin-walled test tube immersed in a water bath for 10 
minutes. The virus never survived 54® C. for 10 minutes, but occasionally 
remained infective after being held at 52® 0. for 10 minutes. The thermal 
death point is therefore about 54® rather than 52® C. as stated in the earlier 
abstract (2). The virus survived for 42 hours, but not for 48 hours, in 
vitro at room temperature. In other trials, extracts held at 4® C. or frozen 
•at about -2® C. retained their infectivity for 16 days. Extracts diluted to 
1 : 1000 with tap water occasionally caused infection, while greater dilutions 
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TABLE 1 

Summarised results from tests on certain physical properties of the tobacco broad ring- 

spot virus on tobacco 


Thermal death-point 


Temp. °C. of exposure of 
virus for 10 min. 

None 

00 

o 

50° 

52° 

54° 

No. plants inoculated 

55 

45 1 

55 

55 

45 

No. plants infected 

55 

22 ! 

12 

6 

0 


Longevity in vitro 


No. of hours of aging of 
virus at room temperature 

None 

30 

36 

1 

42 ■ 

48 

No. plants inoculated 

70 

35 

70 

55 

30 

No. jjlants infected 

70 

20 1 

15 

10 

0 


Tolerance to dilution 


Amount of dilution of virus 
extract with water 

None 

1: 250 

1: 500 

1: 750 

1: 1000 

1 : 2500 

No. plants inoculated 

50 

20 

40 

40 

' -45 i 

25' ' 

No. plants infected 

50 

15 

16 

14 

6 

0 


did not. The dilution end point is therefore beyond 1 : 1000 instead of about 
1 : 750j as stated in the preliminary abstract (2) . 

Filtration trials were made on extracts partl}^ clarified by low-speed 
centrifugation, followed by dilution with an equal volume of distilled water 
or buffer solution. In 4 trials, with the extract at the normal pH of 6.3, 
adjusted to pH 4.8 and again to pH 8.0, the virus failed to pass a Berkefeld 
V filter. The use of Berkefeld N, Chamberland F filters, and Seitz E. K. 
filter pads in other tests also gave negative results. The unfiltered control 
extracts gave 100 per cent infection in all instances. The broad ring-spot 
virus, therefore, is evidently not readily, if at all, filterable. 

HOST RANGE OF THE VIRUS 

Actively growing young plants of many plant species have been in- 
oculated with the broad ring-spot virus. Seven to 14 days after inoculation, 
whether or not symptoms were secured, subinoculations were made back to 
healthy tobacco plants. The virus was reisolated from the following species 
distributed through the families shown : 

Amaranthageae : Amaranthus retro flexus L. ; Boraginaceae : 
siini amahile Stapf. and Drum.; Chenopodiaceae : Chenopodmm album Jj.-, 
Spinacia oleracea L. ; Compositae: Calendula officinalis L., CalUstephus 
cliinensis HeManihus anmius L., Zinnia Jacq. ; Cruciperae: 

Brassica arvensis Kuntze, B. nigra Koch, B. oleracea L., Bursa lursa-pastoris 
(L.) Britton ; Cucurbitaceae : Cucumis sativus L., CticurMta maxima Du- 
chesne; Euphorbiaceae : Acalypha virginica L. ; Leguminosae: BoUchos 
labial) L., Phaseolus vulgaris h.^ Pisum sativum L., Trifolium incarnatum L., 
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Vigna sinensis Endl ; Malvaceae: Hibiscus esculentus L,; Polygonaceae : 
Fagopyrum esculenium Gaertn., Eumex crispus L. ; Portulacaoeab : Fortu- 
laca oleracea L. ; Eanungulaceae : Delphinium sp, ; Scrophulariaceae: 
Antirrhimm majus L. ; Solanaceae : Datura stramonium L., Lycopersicum 
esculenium Mill., Nicandra pJiysalodes (L.) Pers., Nicotiana angustifolia 
Euiz. and Pav., N. glutinosa L., N, rustica L., iV. sylvestris Speg. and Comes., 
N. tabacum L., Petunia violacea LindL, Physalis sp., Bolanum melongena L., 
S. nigrum L., B. tuberosum L. ; Tropaeolaceae : Tropaeolum majus L. ; 
Umbelliperae : Apmm graveoleus L. 

Symptoms of broad ring spot varied from pronounced chlorotic rings, 
as on sunflower (Fig. 2, By left), to scattered yellow spots, as on cucumber 
(Pig. 2, By right). The more usual type of symptom on the majority of 
species was, however, a mild vermiculate pattern of chlorosis. Nicotiana 
glutinosa (Pig. 2, C) and N, sylvestris leaves were much distorted. Infec- 
tions on squash and potato remained localized, but the virus became systemic 
on all other hosts tested under greenhouse conditions. Some of the hosts, 
although yielding definite symptoms of broad ring spot, permitted only with 
much difficulty transfer of the virus back to tobacco. Such sources of poor 
inoculum are represented by Cucumus sativus, Datura stramoniumy Bolanum 
melongenUy Chenopodium albiiMy dLiid Bpinacia oleracea. 

No symptoms developed and no virus could be recovered from inoculated 
plants oi Beta vulgaris L., Citrullus vulgaris Medicago sativa L., 

and Melilotus alba Desr. 

DISCUSSION 

On the basis of symptoms only, broad ring spot of tobacco might easily 
be confused with other virus diseases of the ring-spot type. The wide host 
range of this virus also bears some resemblance to those of ordinary tobacco 
ring-spot (5), tobacco ring-spot No. 2 (4), and the alfalfa-mosaic (6) viruses. 
There are however some significant differences, as, for example, on tomato 
and spinach, which are both susceptible to the broad ring-spot virus by 
mechanical inoculation, but the former host is not susceptible to either 
ordinary tobacco ring-spot or alfalfa-mosaic virus, and the latter host is not 
susceptible to tobacco ring-spot No. 2 virus by the same method of inocula- 
tion. Significant differences also exist in the physical properties of the 
above-named viruses, particularly in the thermal death point, which is some- 
what lower for the broad ring-spot virus than for either of the tobacco ring- 
spots or the alfalfa-mosaic viruses. These factors, together with the proven 
failure of these viruses to yield any cross immunity in the plants, may be 
regarded as sufficient evidence that broad ring-spot virus is a new one rather 
than a virus strain, although it is perhaps much more closely related to the 
viruses with which it has beentcompared in this investigation than to any 
other known viruses. 

The rather unusual circumstance of the virus being found only once 
under natural conditions and then in comparative abundance, as described 
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in the introduction of this paper, suggests many possible interesting inter- 
pretations. 

There is little probability in our opinion that the virus arose in Wisconsin 
by variation from ordinary tobacco ring-spot or other viruses of tobacco. 
The most logical explanation is that the virus existed previously in some 
unknown host plant in the vicinity of the seed beds or the field and was 
transmitted to the tobacco plants either mechanically or by an unknown and 
perhaps rare insect vector. It also may be assumed that the combination of 
circumstances that brought about the 1938 epidemic was due to a rare 
proximity of the hosts involved, or that the new virus cannot or has not yet 
become established on tobacco as a new host because of still other environ- 
mental conditions. 

The discovery of new or undescribed viruses in nature, in field crops, or 
under greenhouse experimental conditions is now somewhat frequent, largely 
because more attention is given to the subject. It is quite likely that a seri- 
ous attempt to locate and determine new viruses in nature, disregarding 
their frequency or economic importance, would yield a considerable num- 
ber of new and distinct forms. The finding of new strains of known viruses 
is less significant because the origin of such variants is well established. 

The problem of the origin of viruses may be perhaps more advanta- 
geously investigated with such rare viruses as broad ring-spot than with 
such a commonly prevalent form as the ordinary tobacco-mosaic virus. 
Either the numerous viruses already known (and perhaps a greater number 
yet to be determined) have come down through the ages, or are being de- 
veloped more currently, descent and evolution being independent of any 
genetic mechanism yet defined. 

SUMMARY 

A description is presented of a new virus found on tobacco in the field. 
It has been given the common name ‘‘broad ring-spot’^ to distinguish it from 
other viruses producing similar types of symptoms. 

The virus is transmissible to several other plant families, its thermal 
death-point is 54° C., maximum longevity in vitro about 42 hours, and the 
dilution end point slightly above 1 in 1000. It is apparently not filterable 
by ordinary methods, and is not transmitted by the common peach aphid. 
The properties and other characteristics are sufficient to distinguish the 
broad ring-spot virus from certain other viruses with which it has been 
compared. 

The broad ring-spot virus, although too rare to be of any practical 
significance, is of some special interest to those working on problems relating 
to the origin and to the distribution of viruses in nature. 

Wisconsin Agricultural Experiment Station 
AND Division OP Tobacco Investigations, 

United States Department OP Agriculture. 
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THE GENUS CEREBELLA CESATI—ITS BIOLOGIC 
STATUS AND USE 


E . F . L A N G D 0 N 
(Accepted for publication August 20, 1941) 

The genus Gerehella was described by Cesati in 1851 from material 
collected on Bothriochloa ischaemim in Northern Italy, and was for many 
years regarded as a true snint, closely allied to Thecaphora ot Urocystis. In 
1902 Soecardo transferred the genns to the Denteroniycetes, but the true 
relationship hetween Cer el ella and the host plant has not been recognized 
by a number of workers in various countries, who have regarded Cerelella 
as pathogenic and in itself responsible for damage to the spikelets of grasses. 
Others have recognized the association of Cerelella with the honey-dew 
(sphacelia) stage of ergot, on which it grows saprophytically, forining a 
dark-brown or black convoluted stroma between the glumes of the grass 
spikelets. Cesati apparently realized the association of Cerelella with the 
ergot of Bothriochloa (due to Claviceps pusilla^ described by Cesati in 1861 
after Tulasne^s elucidation of the life history ot Claviceps in 1853), for, in 
his description of the genus Cerelella, is the phrase . . verisimiliter ex 
sclerotio sphaceligeno oritur.^’ Subrmaniam (21), in describing a number 
of new species of Cerelella from India, mentioned that the genus was com- 
monly found associated with species of Sphacelia on Gramineae. But, 
from his remark that one species of Cerelella produced black swellings on 
the grain of Sorghum vulgare, and the fact that he described a separate 
species for each host plant, it seems that he had no clear idea of the true 
relationship between Cerelella and the plants on which it is found. Re- 
cently Subramaniam has reported that all Cerehella-mtoctod plants examined 
in 1921 showed also the conidia of ergot.^ 

McDonald (14) reported that an experimental plot of Sorghum in Kenya 
in 1923 was attacked by Cerelella sorghi-vulgar is, wtdcti had not previousl^^ 
been reported from Africa. Later, he announced that inoculation experi- 
ments with Cerelella on native sorghum had given positive results, but only 
when the heads were exdding a sugary secretion. This had been observed 
only in cold weather, and McDonald was uncertain whether or not it was due 
entirely to climate (15). There is but little doubt that the ‘^sugary secre- 
tion” observed by McDonald was the sphacelia stage of a species of 
a disease known on Sorghum in India (18) and Africa (23). Wilkinson 
(24) regarded Cerelella as ^‘a potential disease of cultivated graminaceous 
crops” in Kenya in 1926. Ajrekar (1) concluded that Cerelella grows 
as an epiphyte or parasite on the sphacelia stromata or sclerotia of Clavi- 
ceps^^; but Rhind (19) recognized Cerelella as a saprophyte of ergot honey- 
dew. Gongalvez (10) has recently reported associated with the 

sphacelia of Claviceps on several hosts in Brazil, and he considered that 
Cerelella was parasitizing the ergot and not the higher host plant. 

1 Privately communicated. 
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Prom Kenya, Gold Coast, and Southern Khodesia there are several 
records of diseases of grasses, such as false smut and ear mould, said to be 
due to Gerebella, with no suggestion of any association with ergot (16, 6, 12 
13). Kecently, Hopkins^ has stated that, although Oerehella on various 
grasses is listed among the diseases of Southern Ehodesia, it has always been 
recognized there as a saprophyte. But yeast, Fusarkim, and Cladosporium 
are found as saprophytes of ergot honey-dew too, and there is little 
justification for listing Cerebella instead of Sphacelia sp. or Claviceps sp. 
in host indexes. Hansford (11), in a list of diseases in Uganda, records 
Cerebella as a disease of several species of grasses, and for some other 
grasses mentions an association of Cerebella with Sphacelia sp. In prac- 
tically every case the host given for Cerebella or some closely related host 
species has been recorded as ergotized elsew^'here. 

In Queensland, Cerebella was first recorded in 1887 when Cerebella 
paspali Cke. and Mass. {Cerebella inquinans (Berk, and Br.) Sacc.) was 
described from Paspalum orbiculare Porst. (P. scrobioulatum L., of early 
Australian authors), the fungus then being regarded as a smut allied to 
Urocystis or Thecaphora (8). Later, Cerebella was recorded from Themeda 
australis and Heteropogon contortus (4). The only other Queensland 
records of Cerebella are to be found in the Herbarium of the Plant Pathology 
Section of the Queensland Department of Agriculture, where several speci- 
mens having an encrustation of Cerebella on the glumes have been labelled 
‘^Smut,’’ and in one case, Thecaphora sp. All of these specimens have 
vShown ergot conidia beneath the superficial Cerebella when teased up in 
water on a slide. 

Since May, 1940, collections of Cerebella on 13 species of grass have 
been made in southeastern Queensland, and an examination of these has 
shown that the confdia of Claviceps are always present in abundance in the 
same spikelet as the Cerebella, The same host species also have been found 
ergotized and quite uncontaminated with Cerebella. Cerebella from each 
host has been isolated and grown in pure culture on potato-dextrose agar 
where the characteristic cerebriform stroma of the genus is produced within 
a few days. No morphological differences between the isolations from 13 
different hosts have been detected, the species being determined as Cerebella 
inquinans (Berk, and Br.) Sacc. This is in marked contrast to the 8 species 
of Cerebella recorded from 15 host species by Subramaniam. In culture 
Cerebella grows well on potato slices and on potato agar containing sucrose, 
glucose, or honey, the fungus producing spores readily on each of these. 
Inoculation of Paspalum dilatatum and P. orbiculare with a suspension of 
spores of Cerebella taken from a pure culture gave negative results; but 
inoculation of P. dilatatum with a mixture of conidia of Claviceps paspali 
and Cerebella inquinans produced an exudation of honey-dew after seven 
days, and the typical stromata of Cerebella appeared on the ergotized spike- 
lets 2-3 days later. When a suspension of Cerebella spores in diluted honey 
was used for inoculation, a very slight superficial growth of that fungus 
2 Privately commtiniea, ted. 
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occurred on the glumes, but there was no sign of parasitism hy Cerebella 
and no interference with seed production. 

Taking the evidence from the literature in conjunction with the results 
quoted above, it can be said that Cerebella is no more than a saprophyte that 
finds any earbohydrate-rich substratum suitable for growth. In this connec- 
tion it is interesting to note that, in Brmily Cerebella sp. has been found 
accompanying the attacks of the coffee-berry borer (3). In Europe, Gere- 
bella italiea is known to occur on the seeds of the chestnut and the oak, and 
C. negeri on the seeds of Abies (20) . 

No evidence has been found of any parasitism of Claviceps spp. by Cere- 
bellar as suggested by Ajrekar (1) and Gongalvez (10). In the very few 
cases seen where Cerebella was present after sclerotium development began, 
the Cerebella was found to be quite independent of the sclerotium and flour- 
ished only round the edges of the glumes, where a certain amount of the 
sugary secretion remained. In the majority of Gerebella-mie(A^&. plants, 
development of sclerotia had not taken place before the spikelets were 
overgrown by the saprophyte. 

The need exists for a revision of the species of Cerebella, of which, very 
probably, too many have been described. Ellis and Everhart (9), in de- 
scribing Cerebella spartinae (regarded by them as a smut) from the United 
States (U.S.A.), refer to the stromata on Spartma as subconfluent, extend- 
ing along one side of the spike, and they remark that C. spartinae differs 
from C. andropogonis in habit. Differences in shape and position of stromata 
must be expected in a fungus that grows on ergot honey-dew that may be 
smeared about on the inflorescence. Other workers have followed 
Subramaniam, and, where possible, have determined their species of Cerebella 
according to the host plant on which it is found, e.g., C. panici on Paniciim, 
C, cynodontis on Cynodon, The arbitrary nature of this practice usually 
is recognized, but until the genus is monographed and good specific charac- 
ters established, precise specific names cannot be applied in every case. 
Probably a number of the 18 species of Cerebella that have been described 
will be found to be synonymous with the early species, such as C. andro- 
pogonis and C. inqninans. 

DISCUSSION 

Several important points arise from an exact knowledge of the relation 
existing between the higher host plant and Cerebella, 

Firstly, Cerebella should be removed from the host indexes, e,g.y the host 
indexes of India (7), of Queensland (5), of Southern Rhodesia^ (12), and 
of Uganda (11), and Sphacelia sp, substituted, f ollowed by a serious attempt 
to discover which species of Claviceps is responsible. (This is now being 
done in Southern Rhodesia and Queensland.) It is evident that there is a 
wide host range of ergot in Africa, India, and southeastern Asia ; and the 
possibility of introducing new species of ergot to Australia or other countries 
in imported seed must not be overlooked. The record of Cerebella andro- 
pogonis on Brachiaria sp, by the U. S. Department of Agriculture Plant 
3 See footnote 2. 
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Quarantine and Control Administration (2) serves to emphasize the neces- 
sity for carefully examining impoz’ted seeds to prevent the introduction of 
ergot. Where Cerebella is seen, it is a warning against ergot, which may 
not be detected if the sclerotia are small and similar in shape to the seeds. 

Secondly, Gerebella provides a natural control of ergot by inhibiting 
sclerotia formation, a fact already noted by Rhind (19) and Ajrekar (1). 
Early in the season Cerebella is not much in evidence, but, from January 
onwards, it has been observed in ever-increasing abundance on Paspalim 
dilatatum; it is also very common on Bothriochloa spp. and Dichanthmm 
spp., which are attacked by Claviceps pusilla Ces. in Queensland. On an 
area of about half an acre of P. dilatahim at Kangaroo Point, Brisbane, 
almost every ergotized spikelet is now (April, 1941) infected hj Cer eh ella^ 
and it is practically impossible to find sclerotia on the area. A restriction of 
sclerotia formation to early summer, at least in some seasons, must be an 
important means of reducing the amount of inoculum available in the next 
spring, and may, to some extent, determine whether or not an epiphytotic 
of ergot will occur in the following season. Cessation of development of 
Claviceps following Gerehella infection is probably due to the effect of 
staling^’ prodizets produced during the growth of the Gerehella in the 
honey-dew. 

Thirdly, Gerehella is a good field indicator of the presence of ergot. 
Recently a number of new ergot hosts have been found in Queensland, 
several of which might have been overlooked were it not for the conspicuous 
growth of Gerehella on the inflorescences. Bulk collection of inflorescences 
in the neighborhood of Gerehellannteeted plants usually provides plenty of 
sclerotia and honey-dew of Claviceps for further study. 

Fourthly, the records of Gerehella provide valuable evidence concerning 
the history of ergot in Queensland and other countries. G. anihaenaniiae, 
G, panici and C. sorgM were described as smuts by Tracy and Earle in 
America in 1899 (22) , and in view of the known occurrence of ergot on culti- 
vated and native species of Sorghum and on native grasses in Africa, India, 
and Australia, a knowledge of the ergot of Anthaenantia^ Fanicum and 
Sorghum in America would be of considerable interest. Of the ergotized 
native grasses recently found in Queensland, there are records of Gerehella 
on Themeda australis^ and Heteropogon contortus in 1890 (4), and on Pas- 
palum orhiculare in 1887 (8). Specimens of Cymhopogon refractus md 
Bothriochloa decipiens^ collected in 1911 and 1912, respectively, are in the 
Herbarium of the Plant Pathologist, Department of Agriculture, Queens- 
land Both of these are infected with Gerehella, but show also conidia of 
Claviceps, though the former was previously identified as Thecaphora sp. 
These records show that the ergot of these grasses is of long standing in 
Queensland. 

SUMMARY 

The literature on the genus Gerehella has been reviewed, and further 
evidence is presented to show that Cerehella h n saprophyte of carbohydrate- 
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rich materials, the commonest substratum for the fungus being the sugary 
honey-clew secretion associated with the sphaeelia stage of Glaviceps spp. 
The need for a revision of the species of Gerehella is pointed out. 

Four points arise from a knowledge of the relation between Gerehella 
and the plants on which it is found : 

1. Gerehella should be removed from the host indexes, and Sphaeelia sp. 
substituted. 

2. Gerehella provides a natural control of ergot by inhibiting the develop- 
ment of sclerotia. 

3. Gerehella is a good field indicator of the presence of ergot. 

4. The history of ergot in a country may be traced through old records 

of on grasses. 

Department OF Biology, 

University op Queensland, Brisbane, Australia. 
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A QUANTITATIVE METHOD FOR ASSAY OP TOBACCO-^ 
MOSAIC VIRUS PROTEIN 

VlENON L. FeAMPTON 
(Accepted for publication September 19, 1941) 

For the most part the various workers interested in the serological aspects 
of the virus problem have been content with qualitative observations, or at 
best quasi-quantitative observations, even though it has been shown by 
Heidelberger and his coworkers, in a long series of papers published in the 
Journal of Experimental Medicine, that the reaction between an antibody 
and its antigen satisfies the criteria for quantitative chemical analysis. 
Kleczkowski^ has recently shown that, in a general way, the serological 
behavior of tobacco-mosaic virus, of aueuba-mosaic virus, and of bushy-stunt 
virus is in each ease typical of the behavior Heidelberger has observed in 
his work with various other proteins. The data presented herewith were ob- 
tained in another connection where the quantitative aspects of serology were 
not the prime consideration, but they serve to show that the reaction between 
tobacco-mosaic virus protein and its antibody may be subject to quantitative 
treatment, and in that respect serve as additional evidence in support of 
some of the views that Heidelberger holds, and they confirm some of the 
observations reported by Kleczkowski. The main consideration, however, 
is that they give us a convenient, rapid and reliable method of quantitative 
assay in studies involving small quantities of this particular virus protein. 
The method unquestionably may be extended to several other plant viruses. 

The serum used in these studies was obtained in the usual manner by the 
intervenous injection of small quantities of the isolated virus protein, sus- 
pended in 0.87 per cent sodium chloride solution, into a rabbit at intervals 
of 3 days for several weeks. The serum, obtained by bleeding the anes- 
thetized animal, was stored in a frozen condition after the red cells had been 
centrifuged out. 

The virus protein used in the precipitin reaction was an electrodialyzed 
preparation of the isolated protein which was suspended in water to which 
enough sodium chloride had been added to give an 0.87 per cent solution. 
The dissolution of the antigen in 0.87 per cent NaCl solution is essential in 
quantitative work involving the precipitin reaction. The reason for this 
precaution is that the antibody is in the globulin fraction of the serum, and 
this particular serum fraction is precipitated unless the salt concentration 
is maintained in the various reactions in which it may be involved. 

In the precipitin reaction carried out in these studies, 1 cc. of serum was 
added to a 25-ec. volumetric flask, and then a definite volume of the virus 
suspension was added, and finally enough 0.87 per cent NaCl solution was 
added to bring the volume up to the mark. The flask contents were 

1 Kleczkowski, A. Quantitative studies on the serological reactions of some plant 
viruses and of a pea nodule bacterium CRhizobium leguminosanim) . Br. Jour. Exp. Path. 
22; 44-58. 1941. 
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thorougJaly mixed and the flask was placed in an incubator at 37° C. for 
24 hours. The antibody content of the reaction mixture was thns held con- 
stant and in no case was the virus protein added in sufficient quantity to 
completely deplete the antibody supply. That is, the antibody supply was 
always in excess. Thymol was used as a preservative. 

The first determinations were nephelometric. In nephelometry and in 
colorimetry the transmission of light by a solution or suspension depends 
on the thickness, d, of the layer traversed, and on the concentration, c, of 
the colored component of the solution, or of the suspension. The quantita- 
tive expression relating these factors is known as Beer’s law, and is written 

where I is the intensity of the incident light and is the intensity of the 
transmitted light. 



LOG MICRO-AMPERES 

Fig. 1. The relationship between the amount of virus protein added to the serum in 
the reaction vessel and the nephelometric reading. Ordinate is the quantity of virus 
added to the serum,* the abscissa is the current density observed in the nephelometer. 

In nephelometry and colorimetry, as practiced, using the new photo- 
electric colorimeters, one varies c, keeping d constant, and observes the effect 
of that variation on 1^. If log Id varies directly with c, where c is built up 
in the absorption cell of the colorimeter or nephelometer, one may conclude 
that Beer’s law is followed. Beer’s law has been found to be valid for many 
cases, but exceptions are known. Invariably, where exceptions to Beer’s law 
are encountered in colorimetry, it has been found that the systems giving 
rise to the exceptions are systems where association or disassociation occurs, 
and where the degree of association or disassociation depends on the concen- 
tration. Difficulties in nephelometry are encountered when the precipitate 
formed in the absorption cell settles out too rapidly, or where the rate of 
growth of crystals or aggregates, once the nuclei have been formed, is great. 
Given the situation, however, where Beer’s law is followed, one may con- 
clude without much hesitancy that the reaction involved in the absorption 
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chamber, giving rise to the component that is being measured, is stoichio- 
metric. One may state in this connection that, although the virus protein 
particles do disassociate in dilute solution, the degree of dissociation in the 
dilutions studied does not seem to be great. 

In the work reported in this paper, the conditions were such that the 
current output of the photronic cell in our colorimeter was proportional to 
the light intensity. In figure 1, the logarithm of the current density ob- 
served in the nephelometric determination is plotted against the quantity 
of virus protein added to the serum in the reaction vessel. The conclusion 
is obvious, and the nephelometric technique as outlined may serve as an 
accurate and rapid means of assay. 



Nitrogen and phosphorus determinations on the precipitate obtained 
from the precipitan reaction substantiate the view that, in the region of 
antibody excess, the reaction between the antigen and antibody is stoichio- 
metric. The determinations were made in each case on the precipitate that 
had been packed in the bottom of a centrifuge tube and had been washed 
3 times by suspension in 0.87 per cent NaCl solution, with subsequent sedi- 
mentation in the centrifuge. Nitrogen was determined by means of the 
Kjeldahl procedure. Data are presented in figure 2. The amount of nitro- 
gen found in the precipitate is proportional to the amount of virus protein 
added to the reaction vessel. 

Phosphorus determinations were made according to the Eddy and Deeds^ 
method. Digestion was effected by means of a small quantity of H 2 SO 4 , 

2 Eddy, C. W., and Floyd Deeds. A photoelectric method for the determination of 
phosphorus. Ind. and Eng. Chem. 9 : 12-14. 1937. 
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together with a few drops of H 2 O 2 (table 1). The quantities of phosphorus 
ill these samples was very small, and consequently the error in phosphorus 
determinations was large, but the data indicate that the precipitation of the 
virus is substantially complete, and that there is no P in the antibody. One 
would conclude from these data that, in the region of antibody : antigen 
ratios studied, for each part of virus protein nitrogen in the precipitate 
there are 0.21 parts of antibody nitrogen. The ratio of 0.21 was obtained 
from the consideration that the ratio of phosphorus to nitrogen in the virus 
protein is 1 : 40, together with the analytical data for nitrogen and phos- 
phorus in the precipitate. Kleczkowski reported a ratio of 0.25. 


TABLE 1. — Phosphorus determinations from samples' of uirus precipitate as per the 
Eddy-Deeds method. Digestion was effected hy adding and a few drops of SnO 2 


G. virus protein used 

G.P. found 

G. P. expecteda 

Per cent recovery 

7.6xl0-» 

27 X 10-« 

30 X ib-« 

90 

3.8 

13 

15 

87. 

1.9 

7.1 

7.6 

93 


a Gr. of phosphorus expected on the basis of a determination of 0.4 per cent as the 
phosphorus content of the virus protein and on the assumption that precipitation of virus 
protein by the antibody is complete, and on the assumption that the antibody contained 
no phosphorus. 

The following procedure is recommended in using serology in virus assay 
in the ease of tobacco mosaic virus protein, where one is dealing with plant 
sap : Adjust pH of 50 ml. of virus-containing sap to some value between 4.5 
and 3.5, and filter through a few grams diatomaeeous earth (it has been ob- 
served that the adsorption on diatomaeeous earth is complete at pH 4.5 or 
less). The filtrate is discarded. Suspend the filter cake in 25 ml. of water, 
cautiously adjust pH to 8.5, using NaOH, mix thoroughly and filter. Wash 
the filter cake at least 3 times with a few cc. of water. Combine the filtrate 
and washings in a 100-ml. volumetric flask, add enough NaCl to give 0.87 per 
cent solution, and finally add enough 0.87 per cent NaCl solution to bring the 
volume up to the mark, then mix. Add 1 ml. of serum containing the anti- 
virus to 24 ml, of the virus extract, and after thoroughly mixing, store at 
37° C. for 24 hours. In the event that the color originally present in the 
plant sap has not been entirely eliminated, centrifuge the virus-antivirus 
mixture strongly (3,000 xG) for about 30 minutes, decant, and suspend the 
precipitate in a known volume of 0.87 per cent NaCl solution. The last 
traces of color may be eliminated by a repetition of the sedimentation. The 
suspension is then placed in the nephelometer, and the reading obtained is 
referred to the calibration curve, where one may read off directly the amount 
of virus protein in the cell of the nephelometer. 

The calibration curve is obtained by adding progressive amounts of the 
virus protein suspended in 0.87 per cent NaCl to successive volumetric flasks, 
each of which contains the same amount of serum, say 1 ml, and then bring- 
ing the volume up to the mark by means of 0.87 per cent NaCl solution. 
Mix the flask contents and store at 37° C. for 24 hours. Stir up the sedi- 
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ment before pouring the suspension into the nephelometer cell. The log of 
nephelometer reading is plotted against the amount of virus added to the 
volumetric flasks. 

In the event that a suitable nephelometer is not available, or in the event 
color cannot be removed, virus protein assay that is more satisfactory than 
the local lesions method may be obtained from phosphorus determinations 
made on the washed precipitates, following the method of Eddy and Deeds 
and using an ordinary colorimeter. This suggestion comes from the con- 
sideration that the infectivity of the isolated virus preparations, as deter- 
mined by the local lesions method, may vary from preparation to prepara- 
tion by as much as 8000 per cent. 

Several suggestions may be in order concerning quantitative serological 
work wdth the viruses in conjunction with the nephelometric technique. 
Where it is possible, the isolated virus protein should be used as the antigen. 
One reason for this suggestion is that complications may arise as a conse- 
quence of injecting unknown material into the experimental animal. By the 
way of an example, there is frequently enough solanin present in the sap of 
potato foliage to cause a fatal hemolysis if the whole sai3 is used for injec- 
tion, and, at best, a non-fatal hemolysis results in a discolored and unsatis- 
factory product. A second reason for the suggestion that the isolated virus 
protein be used as the antigen is that during the manipulation of the protein 
involving the use of concentrated salt solutions and filtrations, the micro- 
organisms originally present are largely eliminated, and the danger of septi- 
cemia is thereby reduced. A third reason for the suggestion is that one may 
then be in a position to take advantage of the specificity of the precipitin 
reaction and determine the virus protein content of a sample irrespective of 
its contamination with other proteins (neglecting cross reactions). In addi- 
tion, the picture will not be complicated by the presence of a mixture of 
unknown antibodies. 

It is recommended, finally, that a separate calibration curve be obtained 
for each serum sample. 

SUMMARY 

The precipitin reaction may be used in a rapid and accurate determi- 
nation of tobacco-mosaic virus protein. 

The amount of nitrogen and phosphorus found in the precipitate formed 
in the precipitin reaction is proportional to the amount of virus protein 
added. 

The ratio of virus protein nitrogen to antibody nitrogen in the precipi- 
tate is 4.8. 

. Cornell University, 

Ithaca, New York. 



A METHOD OP GEO WING PLANTS IN WATER VAPOE TO 
FACILITATE EXAMINATION OP ROOTS^ 



■WalterOartee 
(Accepted for publication October 11, 1941) 

INTRODUCTION 

In studies requiring the frequent and critical examination of roots, con- 
siderable mechanical injury and interference with growth result when the 
plants are grown in soil or even in sand and aerated water culture. The 
method of growing pineapple plants described herein was devised in order 
to facilitate the examination of the roots following infestation of the plants 
by mealy bugs. 

THE WATER VAPOR METHOD 

This consists of setting the plants in the perforated top of a simply 
constructed wooden box, in which is fixed an atomizing device similar to 


Fig. 1. Water-vapor culture box planted May 15, 1941, and pbotograplied August 
18, 1941. 


those devices used to keep vegetables fresh when they are displayed for sale, 
or in air-conditioning apparatus. These devices permit a very fine jet of 
water to impinge on a metal plate, which results in a steady drift of finely 
divided vapor. Domestic water pressure is adequate. 

To improve rooting and growth, a cylinder to contain concentrated nutri- 
ent solution is included in the system. For the 12 plants shown in figure 1, 

1 Published with the approval of the Acting Director as Miscellaneous Paper No. 37 
of the Pineapple Besearch Institute of Hawaii, University of Hawaii. 
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this cylinder, which contains 5 liters of the nutrient solution, is refilled 
every other day. The nutrient solution med is made up in the following 
proportions with the addition of an accessory solution of minor elements : 

Cc. of i molar 
stock solution. 

KH2PO4 400 

Ca(lSF0,)2 000 

MgS04 ...: ...; 450 

(^-EdSO, 50 

K2SO4 400 



Pig. 2. Diagram showing device for introduction of nutrient solution into the water 
stream. A, to vapor boxes; B, filling plug; C, by-pass at full pressure; B, nutrient solu- 
tion tank; E, drain plug; P, needle valve; and G, water supply valve. 


This system does not provide a nutrient of constant concentration, but 
rather one that gradually dilutes. The discharge of nutrient from the 
cylinder was improved, following a suggestion by C. T. Schmidt,^ when the 
water supply, instead of being led directly through the cylinder, is arranged 
as shown in figure 2. One arm of the T connection in the water line by- 
2 Associate Entomologist, P.E.I. 
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passes the water at full pressure around the cylinder ; the other arm of the 
T connection leads to the cylinder, and the volume of water passing through 
the cylinderis reduced by means of a needle-point valve. In this way the 
exhaustion of the nutrient solution is usefully delayed. 

Pineapple plants grown from vegetative slips by this method have grown 
at least as vigorously and as rapidly as in sand and water cultures in which 
the same nutrient solution was used. Eoot development is extensive 
(Pig. 3). The roots can be readily inspected and samples taken for study 
without damaging the balance of the root system. 



Fig. 3. Eoot development on 3-montli-old plants in the water vapor culture box, 
August, 1941. 


The vigor of growth obtained suggests the possibility of extending the 
use of this method, not only to the study of roots but also as a modification 
of the numerous methods employed in the water culture of commercial 
plants. 

Pineapple Eesearch Institute OF Hawaii, 

Honolulu, Hawaii. 


CHLOROPICRIN AND ETHYLENE DICHLORIDE FOR ROOT-KNOT 
NEMATODE CONTROL 

A. Gr. Nkwhall and F. L. Staek, Jk. 

(Accepted for publication November 22, 1941) 

111 the short space of 10 years, chloropierin has become the top-ranking 
chemical for treatment of soils infested with nematodes. We are indebted 
to a score or more of investigators for proving its efficacy and developing 
techniques for employing it. Partienlar attention might be called to the 
work of Johnson and Godfrey (5), Johnson (4); Neller and Allison (6), 
Godfrey (2), Newton, Bosher and Hastings (8), Howard, Stark and Smith 
(3), Young (10), Chitwood (1), and Taylor and McBeth (9), who have all 
tested it for root-knot control mamm). 

Chitwood (1) recently pointed out that ethylene dichloride alone and in 
suitable mixtures with chloropierin could be used at less expense and incon- 
venience.to the operator than undiluted chloropierin. Therefore, the authors 
compared chloropierin alone at 2 cc. per injection with ethylene diehloride 
at 15 cc. and with a 1-9 mixture of the two at 10 cc. The work was done in 
a ground bed of a greenhouse built over fine sandy loam near Rochester, New 
York. The root knot had been progressively increasing in severity for 
several years, so that in 1940 only 2.75 lb. of tomatoes per plant were 
obtained from the spring crop, which is considered less than half of normal. 
The growers were about to try chloropierin before installing steaming equip- 
ment, and readily agreed to turn over for experimentation an area of 1500 
sq. ft. in one end of a 200-foot house, 30 ft. wide. 

On September 26, 1940, 4 weeks after removal of the previous crop of 
tomato vines, 4 replicate plots of each of the 3 treatments plus 4 checks each 
7| xl2 ft. in extent were laid out in a 4x4 Latin square (Table 1). The 


TABLE 1, — -JPlot arrangement and root scores indicating degree of nematode injury 
11 months after treatment of soil with chloropierin (CpJ, ethylene dichloride (Bd), and 
a 1-9 mixture of these (Mix). N-no treatment 


N-^59 

t- 

Cp— 8 

Mix — 2 

Ed— 33 

Mix — 4 

Ed— 30 

N— 42 

Op— 11 

Op— 9 

Mix— 0 

Ed— 19 

N— 56 . 

Ed-~33 

N— 42 

Cp — 5 

Mix — • 7 


loose sandy soil was slightly moist and contained many partly decayed root 
galls of variable size up to i in. in diameter. Soil temperature at a 3-in. 
depth was 67° F. Injections were made 4 to 5 in. deep with a ^'Larvajec- 
tor’^^ at 10-in. intervals in rows 10 in. apart. After the injections were 
made and the holes tamped by stepping on them, water was liberally 

1 Hand-operated injector, holding approximately 2 quarts, made by Iniiis, Speiden 
& Co., Niagara Falls, N. Y. 
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sprinkled on all plots to seal tlie gas beneatk the surface. In a similar 
manner the grower employed chloropierin to soil in the remainder of the 
house and in another larger one. 

■ Eadishes were sown on the experimental plots NoYember 23. These 
were harvested in February and were followed later by tomatoes. Yield 
records on the radish crop were kindly furnished the writers by the 
grower.^ But, as might be expected from the fact that this is a low-tempera- 
ture crop, no evidence of nematode activity was observed nor any significant 
differences found in total yields, due to treatments, as measured by the num- 
ber of bunches harvested from each plot. The growers, however, noted that 
the radishes reached a stage large enough to harvest a few days sooner on 
the plots treated with the 1-9 mixture of chloropierin and ethylene dichloride 
than on the others. 



EiG. 1. Boots selected as standards by wMcli to score those from the experimental 
plots. They represent (left to right) classes 4, 3, 2, 1, and 0. 


On April 20, 1941, young tomato plants were set throughout the house 
12 or 15 in. apart in rows approximately 2 ft. apart, so that 6 rows of 6 or 7 
plants occupied each plot. Unfortunately, it was impracticable to obtain 
yield records of the tomatoes on the individual plots, but, by mid-summer, 
the check plots could easily be denoted by the stunted growth and yellowish 
color of these plants and conspicuous nematode galls on many of their sur- 
face roots. 

All vines were loosened with a fork, pulled up, and carefully examined 
for nematode injury on August 23. The following scheme was employed to 
evaluate the different treatments for root-knot control. Individual plants, 
showing various degrees of nematode injury, were first selected for stand- 
ards and placed in 5 classes ranging from no infection, which was assigned 
a zero, to very severe infection, which was assigned a value of 4 (Fig. 1). 
Fifteen roots were then taken from the center of each plot. Bach was scored 
according to these standards; for example, if a root had been injured to 
approximately the same extent as standard number 2, it was scored as 2, 

2 Acknowledgment is made to County Agent B. G. Palmer, for courtesies and help 
in carrying out this experiment. 
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Little difficulty was experienced in placing all 15 roots in tlie correct classes. 
The 15 scores for each plot were then totaled and this total considered as an 
estimation of the extent of nematode damage. The greater the amount of 
injury the larger the number. Applying these totals, it was possible to com- 
pare the relative values of the treatments for nematode control by employing 
the analysis of variance method for a Latin square. The results obtained 
are shown in tables 1 and 2. 

It is evident that all treatments resulted in a very significant control of 
root-knot nematode. Moreover, chloropicrin alone and the mixture of chloro- 
picrin with ethylene dichloride were superior to the ethylene dichloride 
alone. These differences all proved to be statistically significant with odds 
greater than 99:1. The slight difference in control between chloropicrin 
alone and the mixture did not prove to be statistically significant. The same 
conclusions would have been drawn on the basis of mere observation. (See 
Table 2 and Pig. 2.) 


TABLE 2 . — Summary of root scores hy treatments 




Ethylene di- 

Chloropicidn, 

1-9 mixture of 
Cp. and Ed., 

10 ec. per in- 
jection 


No treatment 

chloride, 15 cc. 
per injection 

2 ec. per in- 
jection 

Totals 

198.0 

115.0 

33.0 

13.0 

Means 

49.7 

, 28.75 

1 8.25 

3.25 


Least mean difference for significance, odds 


( 99: 1 = 20.045 
119: 1 = 12.070 



Pig. 2. Typical roots from plots receiving (left to right) no treatment, ethylene 
dichloride 15 ce., chloropicrin 2 ce., and the 1 to 9 mixture at 10 cc. per injection. 

DISCUSSION 

Some additional evidence of the value of the chloropicrin treatment was 
obtained from the growers’ experience. As previously stated, they treated 
the remainder of the houses (14,000 sq. ft.) with chloropicrin in the same 
manner and at approximately the same rate as in the experiment. Before 
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treatment their yields had dropped to a low of 2| lb. per plant in 1940 (less 
than half of normal for a spring crop). After soil treatment the 1941 crop 
yielded 7 lb. per plant. Although admittedly it is nnscientific to compare 
the yield of one year with that of another, in this case there was no other 
factor that could presumably account for more than a small proportion of 
this 170 per cent increase in yield. Examination of the roots of over 1,000 
plants revealed but very few nematode galls. 

As judged by the amount of gall development on the experimental plots 
at the end of the season and by appearance of the plants during the last 
month, ethylene dichloride gave inferior control of nematodes to that ob- 
tained by either chloropicrin or the 1-9 mixture. However, without yield 
data we lack proof that ethylene dichloride is not economical, for Howard 
et al. (3) found that complete eradication of nematodes was not essential 
for normal yields of tomatoes. All that can be said now is that, until the 
present advance in price has receded, ethylene diehloride is definitely not 
recommendable. Pinal judgment should perhaps await further work on its 
fungicidal efficiency, which the writers believe is less than that of chloro- 
picrin. 

The cost of treatments may be summarized as follows : chloropicrin with 
2-cc. injections 10'" x 10" apart requires a calculated 10.5 lb. per 1000 sq. ft. 
At 80 cents a pound''^ the cost of material for 1000 sq. ft. wanild be $8.40 or 
.84 ct. per sq. ft. ($366 an acre). Ethylene dichloride, using 15-ec. injections, 
requires a calculated 61 lb. per 1000 sq. ft., which, at the 1939 price of 6.5 ct. 
per Ib.^ would be only $3.97, or .38 ct. per sq. ft. ($166 an acre) . However, at 
1941 prices these figures for ethylene dichloride would have to be doubled. 
Similarly, by calculation, the 1-9 mixture (volume basis) of chloropicrin 
and ethylene dichloride used at 10 cc. for each injection calls for lb. 
of chloropicrin and 36.6 lb. of ethylene diehloride per 1000 sq. ft. The 
cost amounted to $6.57 two years ago, but would now be closer to $8,94, or 
.89 ct. per sq. ft. ($388 an acre). In practice, 10 to 15 per cent should be 
added to all these figures to care for losses due to evaporation, to extra injec- 
tions made around the margins, to inaccuracies in calibration of the injec- 
tors, to spilling during the many filling operations, and to frequent testing 
of the injectors. 

For comparison, we may cite the costs of steaming, given by Newhall (7) 
as .65 to 2.0 ct. per sq. ft., depending on the method used and the depth of 
penetration. Much of the expense of steaming derives from cost of equip- 
ment and labor. In these two respects fumigation of soil by volatile liquids 
has distinct advantages. 

It seemed noteworthy to the writers that plots treated in September, with 
no barriers bet\veen them, showed such definite margins the following 
August. No clearer proof is needed to demonstrate the slow rate of lateral 
movement of Heierodera marioni in sandy soil under greenhouse conditions. 

Price, in 180-pound cylinders, November, 1941. 

4 Price, in 55-gallon drum. 
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SUMMARY 

A simple statistical method of evaluating volatile soil fumigants was used 
to compare certain nematoeides against Heterodera marioni. 

Excellent control of nematodes was obtained on a spring tomato crop by 
soil treatments the previous September with the following : (1) Chloropicrin 
at 10.5 lb. per 1000 sq. ft. (460 lb. per acre) applied at lOdnch intervals, 
at 2 cc. per injection, 4 to 5 in. deep; (2) A mixture of chloropicrin plus 
ethylene dichloride, 1-9 at 10 cc. per injection (230 lb. chloropicrin plus 
1594 lb. ethylene dichloride per acre). 

Less effective control was obtained by 15-cc. injections of straight ethyl- 
ene dichloride, 2656 lb. per acre. It is concluded that at the recently ad- 
vanced 1941 price of 12 ct. a pound ethylene dichloride is not recom- 
mendable either by itself or mixed with chloropicrin. At sufficiently lower 
prices its use as a substitute for half of the chloropicrin may be worth con- 
sidering as an economy measure. 

Cornell University, Ithaca, New York. 
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STRAWBERRY LEAF ROLL, A NEW DISEASE^ 

Gr. H. BEEKELEY2 AND A. G. PLAKIDAS^ 

(Accepted for publication October 23, 1941) 

111 June, 1938, Premier strawberry plants with a rather delicate” 
appearance and a pronounced rolling of leaves were observed in a planta- 
tion near St. Catharines, Ontario. As the symptoms in the field suggested 
none of the known diseases of strawberries, specimens were brought into the 
laboratory for further study. When these plants had been observed for 
some time under greenhouse conditions, it was recalled that in 1935 a Par- 
son’s Beauty with similar symptoms had been grafted to a healthy Royal 
Sovereign and that the disease had been transmitted to the Royal Sovereign 
and 3 of its runners, but that all the plants had died shortly thereafter. In 
September, 1940, the junior writer observed a similar disease at Geneva, 
New York, on seedlings U.S.D.A. No. 1631 and Geneva No. 9270, whilst 
examining the strawberry-breeding plots there, and notes were compared 
when the junior writer visited St. Catharines in October, 1940. Since the 
St. Catharines material had been lost in the meantime, and the junior writer 
was leaving New York for Louisiana, where the disease does not occur, it 
was considered advisable to publish this short note on strawberry leaf roll, 
giving a description of the disease and the limited experimental evidence 
concerning its nature. 

SYMPTOMS 

The plant as a whole has a ^‘delicate” appearance, due to small leaves 
and spindly petioles. However, the most conspicuous symptom is the 
downward rolling of the leaflets, which is most pronounced in the basal por- 
tion (Fig. 1). In extreme cases the rolling is such that the opposite mar- 
gins of the leaflet touch, or even overlap, thus forming a funnel-shape tube. 
The leaves on affected plants are pale green, smaller and narrower than 
normal leaves of the same variety, and the petioles are longer and spindlier. 
The surface of the leaves is ruffled and rugose and shows irregular chlorotic 
areas of various sizes. Affected plants are on the whole smaller than normal 
plants, but there is no pronounced stunting. 

TRANSMISSION BY GRAFTING 

At Bt, Catharines, Ont. Under greenhouse conditions 3 of the 4 Premier 
plants used for grafting made good growth and approached the appearance 

1 Cooperative project, Science Service, Department of Agrienltnre, Ottawa, and 
Louisiana Agricultural Experiment Station. Contribution No. 682 from the Division of 
Botany and Plant Pathology. 

2 Senior Pathologist-in-charge, Dominion Laboratory of Plant Pathology, St. Cath- 
arines, Ontario. 

3 Associate Plant Pathologist, Louisiana Agricultural Experiment Station, Baton 
Bouge, Louisiana. The junior writer part of the work was done while he was spending- 
his sabbatical year at Cornell Dniversity. 
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of liealtliy plants, though they still maintained a ‘"delicate” type of growth 
dne to spindly petioles and smaller leaves. Runners from these 3 plants 
were grafted"^ to runners of 3 different clonal plants of Frag aria virginiana. 
In one case the union was not successful and, though it appeared to be suc- 
cessful in the other two cases, the abnormal condition wms not transmitted 
by grafting. The fourth Premier plant made poor growth and produced 
spindly runners that were difficult to graft; in fact, some of the runners 
dried up shortly after grafting. Nevertheless, 4 runners from this Premier 
plant were grafted to runners from different clonal plants of Fragaria vir- 
gmiana, with the result that one graft made on July 18, 1938, was successful 
in transmitting the diseased condition to one F. virginiana plant (Clone No. 
21) and its twu daughter plants, thus indicating that the disease was of virus 
type. 





1 , 


Fig. 1. Strawberry leaf roll. Comparison between healtliy and diseased leaves of 
U.S.D.A. seedling No. 16B1. x about i natural size. 

Ai Cornell, N. Y. On October 4, 1940, 4 runner grafts were made, 3 
between healthy and diseased plants of U.S.D.A. seedling No. 1631, and 1 
between diseased and healthy plants of Geneva seedling No. 9270. The 
grafts were made at the terminal portion of the runners in such manner 
that the 2 runner-buds could be rooted in the same pot. At this time of the 
year runner growth was slow and it was doubtful whether the grafts would 
take. However, 2 of the 4 grafts made union, and in both these cases the 
disease was transmitted, thus corroborating the results obtained at St. 
Catharines. The first symptoms appeared 2^ months following grafting. 
In the other 2 grafts, in which union was not made, no transmission of the 
disease occurred, even though the healthy and diseased runners were rooted 

4 The grafting was done by A. A. Hildebrand, who was carrying on at the time a 
series of patch grafts in connection with studies on yellow-edge. For description of the 
grafting technique see ‘'An Investigation on Strawberry Virus Disease in Ontario,^’ by 
Harris, R. Y., and A. A. Hildebrand. Can. Journ. Res., C, 15: 250-280. 1937. 
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in the same pot and the cut surfaces of their buds came into intimate 
contact. 

CONCLUSION 

Although the number of successful grafts was small, the evidence, never- 
theless, indicates that strawberry leaf roll as described is a new, unrecorded 
virus disease of strawberries. 


PHYT0PATH0L06ICAL NOTES 


Banded Chlorosis, a Transmissible Disease of Cherry,^— In September, 
1940, an interesting chlorotic pattern in the leaves of 2 varieties of Japanese 
flowering cherry was discovered. Further search for these symptoms indi- 
cates that they are commonly to be found in the Pacific Northwest on the 3 
varieties of Primus serrulata known as Amanogawa, Okochin, and Temari, 
Hundreds of cases of bud perpetuation were found in nurseries. This led 
to a further preliminary investigation of the disease, the leaf symptoms of 
which are rather variable. 

There is one constant characteristic of the leaf symptoms. Whatever 
form the discolored area takes, it is bounded by a chlorotic band, usually 
about 1 to 2 mm. broad. The band may describe a circle, causing a ring 
spot or a chain of rings, usually between 2 lateral pinnate veins or along the 
leaf margin. In other cases more or less perfect ^^oak leaf patterns are 
formed from the midvein and extending out to points on the lateral veins. 
In other cases a mere sector extending in from the leaf margin may be in- 
volved (Fig. 1). The chlorotic areas are whitish or yellowish, sometimes 



Pig. 1. A leaf of Amanogawa flowering clierry sliowing typical banded chlorosis. 

becoming pinkish, in striking contrast to the green of the leaf. The only 
other apparent effect of the disease on flowering cherries was noted as a die- 
back of twigs of affected Amanogawa trees 16 or more years old. This 
dieback does not occur on young trees, and may not be a direct effect of the 
virus. 

The first year’s experiments with the disease involved the budding of 10 
healthy mazzard seedling trees with diseased flowering-cherry buds of the 
Amanogawa variety. Ten seedlings were budded with healthy Amanogawa 
checks. The budding was done in September, 1940, and in the late spring 
of 1941 ; 9 of the budded trees (1 died) showed symptoms on the leaves of 

1 Published as Technical Paper No. 394, with the approval of the Director of the 
Oregon Experiment Station. Contribution from the Department of Botany. 
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the mazzard stocks. By summer the inoculated trees were dwarfed in com- 
parison with the symptomless cheek trees. The disease, therefore, is not 
only transmissible to mazzard stock but also has a detrimental effect, espe- 
cially on this stock. It was easily transmitted through budding, even though 
the buds themselves did not ^‘take.” 

Many cases of transmission from flowering cherry to mazzard have been 
discovered this year in nurseries. Wherever there are mazzard sprouts 
from stocks supporting diseased Amanogawa tops, these sprouts usually 
show symptoms of banded chlorosis. 

It is possible that dieback in older diseased trees of the Amanogawa 
variety may be due to the virus in the mazzard roots rather than the influence 
of the virus in the flowering-cherry cions. 

Banded chlorosis, therefore, may be numbered among the transmissible 
viroses of Prunus. Bather elaborate studies of the disease are in progress to 
determine host range in the genus Prunus. As a binomial we suggest the 
name Marmor pallidolimhatus and ‘^Prunus virus 10’’ in the numerical 
system,— S. M. Zeller and J. A, Milbrath, Oregon State College, Corvallis, 
Oregon. 

Apothecia of Scleroiinia fructicola on Peach in Western Washington , — 
The occurrence of apothecia of Sclerotinia fructicola (Wint.) Eehm. has not 
been reported on peach in the State of Washington, according to the records 
in the plant-disease survey file in the Department of Plant Pathology at 
Pullman. 



Fig. 1. Apothecia of Sclerotinia fructioola 
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111 western Washington Scleroiinm frucMeola causes considerable fruit 
decay of peach during the harvest periods It may live over winter in 
mummies attached to trees and produce fresh moniliospores the following 
spring. Apotheeia on mummies overwintering on the soil were not observed 
until the spring of 1941, although surveys in peach orchards had been made 
each spring for the four previous years. On March 26, 1941, apotheeia were 
found developing from peach mummies beneath a tree in an orchard located 
in the Lake Shore district near Yancouver, Clark County, Washington (Pig. 
1). A survey throughout the rest of that orchard and in other peach 
orchards of Clark County failed to reveal the presence of additional apo- 
thecia on peach mummies. Isolations were made from the apotheeia. The 
cultural characters resembled those obtained from aiiothecia of 8. fructicola 
isolated from Italian prune mummies. Inoculations with pui'e cultures of 
the organism caused fruit decay of both peach and Italian prune.— G lenn 
A. Hubee and Karl Baur, Western Washington Experiment Station, 
Puyallup, Washington. 

A Simple Technique for Aseptic Handling of Media, — The literature of 
phytopathology contains descriptions of techniques for measuring and dis- 
pensing sterile liquid culture media. Such methods usually call for a cer- 
tain amount of apparatus of a sort not readily available in many labora- 
tories. 

Over a period of several years the writer has developed, and repeatedly 
used, a very simple method for dispensing sterile media to sterile flasks or 
adding sterile chemicals to previously sterilized flasks of media. The num- 
ber of contaminations that have occurred in experiments in which this 
method has been employed is very small 

The technique is so simple that any person interested in employing it 
can readily make alterations of details to suit his own special needs. A brief 
outline follows : 

1. Sterilize liquid culture media, vitamins, or other solutions, by filtra- 
tion or other suitable methods. 

2. Prepare empty culture flasks, or flasks of media to receive sterile 
chemicals, as follows: plug with cotton, make a cap of paper over the cotton 
(held on by a rubber band), and autoclave. 

3. Plug with cotton, wrap in paper, and autoclave, a suitable number of 
graduate cylinders of suitable size. (50-ce, cylinders have been used exten- 
sively by the writer.) Each cylinder may be used safely for at least six to 
ten measurements. 

4. Construct a transfer chamber. Arrange 4 or 6 ring stands, or two 
or three empty cartons, so as to form the outline of a chamber of the fol- 
lowing dimensions: height, 20 inches; depth, 30 inches; and breadth, 30 
inches. Cut pieces of cheese cloth, wet with 3 per cent lysol solution, and 
so hang them from the supports as to provide the chamber with, walls and 

1 Huber, Glenn A., and Karl Baur. Brown rot on stone fruits in western Washington. 
Phytopath. 31: 718-731. 1941. 
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ceiling of wet cheese cloth. Sponge with Lysol the table and other exposed 
surfaces within the chamber. The front curtain must have sufficient slack 
to allow the worker’s arms to perform under it. 

5. Place all steidlized equipment, media, etc., in the chamber. Then, 
with an atomizer (drug store type) , thoroughly spray the air of the chamber 
with a disinfectant solution. This removes any possible contaniinating 
dust. 

6. Just before entering the chamber wash the hands and arms with 70 
per cent alcohol. 

7. The removal of the paper caps from the flasks, or of the paper wrap- 
ping from the graduate cylinders, provides sterile, dust-free, cotton-plugged 
vessels. When the bacterial filter is removed from the filter flask of sterile 
medium, the lip is wiped with cotton soaked in 70 per cent alcohol. , A sterile 
cotton plug is then transferred from an empty dummy flask to the filter 
flask, replacing the discarded filter apparatus. 

8. Media may now be measured in a graduate cylinder and put into flasks 
without the use of a flame. Cotton plugs are handled in the usual manner. 
The plugs being sterile, and the air and the worker’s hands comparatively 
germ-free, it is possible to make repeated measurements and transfers of 
media with no contamination. For adding 1-cc. portions of sterile solutions 
to flasks of sterile media, medicine droppers have been calibrated and steril- 
ized in vials. 

9. A desk lamp, inside the chamber, is a great aid to visibility through 
the cheese cloth. Turn out the ceiling lights in the room to reduce light 
reflection on the outside of the cloth. 

The technique suggested is not considered superior to any others pre- 
viously described in the literature, but may be useful in cases where equip- 
ment is very limited or where it is impractical to set up more elaborate 
apparatus.— J. Arthur Herrick, Kent State University, Kent, Ohio. 

A Nonpathogenic Buff-colored Barley Smut } — Buffcolored chlamydo- 
spores of certain smut fungi have been found to cause, infection on grami- 
naceous hosts. To the writer’s knowledge, however, the nonpathogenic type 
has not been described. Campagna^ reported the occurrence in nature of a 
white loose smut on wheat. Holton,^ in studies on hybridization between 
TJsUlago levis (Kell, and Sw.) Magn. and U. avenae (Pers.) Jens., discov- 
ered a buff smut on oats, which originated by mutation in U. levis. The 
chlamydospores were smooth and colorless. Johnson, Rodenhiser, and 
Lefebvre,"^ in a study to determine the effect of ineubation-period tempera- 

1 Cooperative investigation of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture, and the Idaho Agricultural Experiment 
Station. Published with approval of the Director of the Idaho Station as Eesearcli 
Paper No. 196. 

2 Campagna, E. New white smut collected at Sainte-Anne-de-la Pocatiere. Ann. 
Kept. Que. Soc. Prot. Plants 18 : 71-72. 1926, 

3 Holton, C. S. Hybridization and segregation in the oat smuts. Phytopath. 21: 
835-842. 1931. 

4 Johnson, H. W., H. A, Bodenhiser, and €. L. Lefebvre. Two types of fall Panieum 
smut. Jour. Agr. Bes. [H. S.] 61: 865-876. 1941. 
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ture on. the pathogenicity of Sorosporium syntherismae (Pk.) Pari., oh- 
serYed one smutted plant to have buff sori composed of hyaline, glabrous 
chlamydospores. Moore and Allison,® in 1934, found a single head of barley 
infected with what was described as an albino strain of JJstilago Jiordei 
(Pers.) Kell, and Sw. The head was almost white, and intermediate be- 
tween the loose and covered smut type. The spores were colorless, glabrous, 
and smaller than those of U. hordei, and the germination was typical of the 
sporidium-forming smuts. Two sex groups were identified within the albino 
strain, monosporidial lines of which were compatible with those of the normal 
U. hordei and U. medians. 

In September of 1936, the writer commenced a study of the genetics and 



Pig. 1. PhotoHxicrograpli showing the contrast in color between chlamydospores of 
the buff smut of barley and those of the normal JJsUlago hordei, x 900. 

.hybridization between a physiologic race of Ustilago hordei and two races of 
TJ, nigra Tapke. Fi hybrid chlamydospores were obtained on Odessa barley 
(C.I. 934)® from infection with paired monosporidial lines of Z7. hordei and 
TJ, nigra. These chlamydospores and those of snbsequent generations were 
collected from individual heads and used to reinoculate seed of the barley 
varieties, Nepal (C.I. 595), Lion (C.I. 923), and Himalaya (C.I. 1312). On 
one plant of Nepal there were 2 identical buff smutted heads that contained 
Fs chlamydospores. Except for color, these buff smutted heads were iden- 
tical with those containing the usual black chlamydospores of U, hordei. 

5 Moore, M. B., and C. C. Allison. An albino strain of barley smut. (Abstract) 
Phytopath. 25: 27-28. 1935. 

6 O.I. refers to accession number of the Division of Cereal Crops and Diseases, B.P.I., 
IT. S. Department of Agriculture. 



You 32] 


Phytopathological Notes 


639 


Tlie spores were hyaline, glabrous, and apparently intermediate in size 
between U. hordei and U. nigra (Fig. 1). The sporidia were smaller than 
the sporidia of either U, hordei or TI, nigra^hut more nearly approached 
the TJ. nigra type; Le., they were long and narrow and somewhat pointed, 
spore germination was irregular. Two or three sporidia instead of the 
expected 4 sporidia on a promycelium was rather common. The sporidia 
were difficult to detach from the promycelium. Fusion of sporidia in cul- 
ture revealed 2 sex groups ; however, pathogenicity tests using either ehlamy- 
dospores or paired monosporidial lines failed to produce smut on Nepal or 
Odessa barley. This would indicate that the factors governing sex and 
pathogenicity are diiferent. — ^W ayne M. Beveb, College of Agriculture, Uni- 
versity of Illinois, Urbana, 111. 

Heterocaryosis and Variahility. — Some years ago, a paper^ was published 
in which evidence was presented to show that monospofic cultures of Botrytis 
cinerea Pers. may contain genetically different nuclei. With the intent to 
clarify certain concepts of fungal variability, the writers pointed out that 
the term heterocaryosis precisely describes such a condition. 

It has since become apparent that several writers have used this term in 
a restricted sense. For example, one author^ states : . . each cell in both 

the mycelium and conidia of the Fusarium species contains one nucleus. . . . 
It is, therefore, concluded that heterocaryosis is not responsible for such 
saltations in these species.’^ Another^ writes: . it seems very improb- 

able that the induced sectoring in H. sativum race 1 was due to heterocaryo- 
sis.’’ More recently, others state “. . . the fact that the vegetative cells 
are uninucleate seems to eliminate heterocaryosis as a cause of heritable 
variation in this organism.” 

From the above citations it appears that these writers either suspected 
heterocaryosis of being able to cause mutation or thought that such a view 
had been expressed in one of the earlier papers^ on the subject. All agree 
in their conclusions that heterocaryosis is not the cause of mutation, two of 
them^'^ appear to reach this conclusion on the basis that the cells of their 
organisms were uninucleate. 

The writer agrees that heterocaryosis is not a cause of mutation. He 
also agrees that heterocaryosis cannot occur in uninucleate cells. In this 
connection, however, it is well to remember that at least two factors or 
mechanisms operate against the possibility of the uninucleate condition being 
continuous or permanent in any fungus. These two factors, mitosis and 
anastomosis, operating singly or together are able to produce binucleate, 

1 Hansen, H. H., and Ralpk E. Smith. The mechanism of variation in imperfect 
fungi: Botrytis cinerea. Phytopath. 22: 953-964. 1932. 

2 Dickinson, Sydney. The nature of saltation in Eusarium and Helminthosporium. 
Minnesota Agr. Exp. Sta. Tech. Bull. 88. 42 pp. 1932, 

3 Christensen, J. J., and E. R. Davis. Variation in Helminthosporium sativum 
induced by a toxic substance produced by Bacillus mesentaricus. Phytopath. 30: 1017- 
1032. 1940. 

4 Keitt, G, W., and M. H. Langford. Venturia inaequalis (Cke.) Wint. I. A ground- 
work for genetic studies. Amer. Jour, Bot. 28: 805-820, 1941. 
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triniicleate and quadriiiiicleate cells in fnngi generally considered to have 
uninncleate cells. The behavior of some such fungi when they are hetero- 
earyotic has already been described.® 

Wkai is lieierocaryosisf Hansen and Smith^ state in a footnote that 
The term ^heterocaryosis^ precisely describes the condition of a cell com 
taining two or more genetically different nuclei. . . It Avas not their 
intent that the term should or could be restricted as to where such a condi- 
tion might occur. Heteroearyosis then is a term that exactly describes a 
condition; hencej the term may be used wherever such a condition exists 
not only in a single cell, but also when it exists in any or all cells of an 
individual thallus or organism. It may also be used in its adjective form 
to describe any structure in which the condition occurs. For example : the 
ascus of any heterothallic fungus is homocaryotic at one time and hetero- 
caryotic at another. Phorna terrestris Han. has been isolated from nature 
only in the heterocaryotie condition.® A homocaryotic strain of a species of 
Hypomyces became heterocaryotie in culture by means of a mutation.® 

How is heteroearyosis initiated f In two ways: (1) by mutation within 
a plurinueleate entity, and (2) by fusion or anastomoses between cells having 
genetically unlike nuclei. 

How is heteroearyosis related to variability f It has been shown® that 
many fungi occur in nature in a heterocaryotie condition and when such 
fungi are isolatecl and worked with in the laboratory they may give the 
impression of great variability by producing tufts, patches, or sectors dit 
fering in appearance from the main part of the culture. In a fungus with 
multinucleate spores and two kinds of nuclei, variability appears to be even 
greater when many single spore cultures are made, for among these will be 
seen several distinct types, two of which are homocaryotic and the rest 
heterocaryotie. Among the latter may be present several culturally distinct 
types, because they contain different proportions of the two kinds of nuclei.® 
Heteroearyosis may, in this way, appear to be the cause of variability, 
whereas in reality, the basic cause of variability and the primary cause of 
heteroearyosis is mutation. — H. N. Hansen, Division of Plant Pathology, 
University of California, Berkeley, California. 

On the Cause of the Milo Diseased — The cause of the root, crown, and 
shoot rot of milo, or Pythium root rot of milo, more commonly known as the 
'^milo disease,’^ according to investigations so far conducted, has been 
ascribed to Pythmm arrhenomanes Dreehs.^*® More recent studies begun 
by the writer in 1938 show that this sorghum disease is the result of a more 

5 Hansen, H. N. The dual phenomenon in imperfect fungi. Mycologia 30 : 442-455. 
1938. 

6 Hansen, H, N., and W. C. Snyder. The origin and inheritance of M types in 
Hypomyces. Phytopatli. 30: 787. 1940. 

^ Contrihiition No. 430, Dept, of Botany, Kansas Agricultural Experiment Station. 

2 Elliott, Charlotte, L. E. Melehers, 0. L. Lefehvre, and F. A. Wagner. Pythium 

root rot of milo. Jour. Agr. Bes. [U: S.] 54: 797-834. 1937. 

3 Kendrick, J. B., and F. N. Briggs. Pythium root rot of milo and the development 

of resistant varieties. Calif. Agr. Exp. Stat. Bull. 629. 1939. 
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complex set of factors than the literature states. The causal factors respon- 
sible for the typical symptoms shown by seedling and mature susceptible 
uiilo plants and milo hybrids in the greenhouse and field cannot be attributed 
to P. arrhenomanes alone. 

When susceptible varieties and resistant selections of milos are grown in 
naturally infested soil in the greenhouse or field, susceptible varieties show 
very definite symptoms, followed by the death of the plants, while resistant 
selections and varieties remain alive and show marked resistance.^ Recent 
investigations by the writer show that typical symptoms of the milo disease 
are not produced in the seedling stage in the greenhouse or in older plants 
in the field when grown in sterile or nonsterile soil containing pure cultures 
of P. arrhenomanes. Furthermore, it has been learned that this pathogen 
is equally pathogenic to susceptible milos and to the strains of milo and other 
common sorghums known to be resistant to the milo disease. Certain organ- 
isms, environmental conditions, or extenuating factors other than those 
studied in the investigations of this disease^' are etiologically involved in the 
problem. 

It is realized that the foregoing statements from an etiological point of 
view are largely negative, yet the facts represent information obtained in a 
study of the causal factors concerned in this disease. More detailed results 
of the present studies will appear in another paper. D. B. Creager and 
C. M. Slagg have assisted in these investigations. — ^L. B. Mblchers, Dept, of 
Botany, Kansas Agricultural Experiment Station, Manhattan, Kansas. 

RMzocionia Infection of Cotton and, Symptoms Accompanying the Dis- 
ease in Plants leyond the Seedling Stage.— Rhizoatonm (Corticnm vagum 
Berk, and Curt.) is one of the causes of damping off of cotton seedlings. 
The attack usually occurs on seedlings in early planted cotton prior to the 
formation of true leaves. The pathogen invades the stem immediately below 
the soil line and causes the formation of dark to reddish-brown cankers. In 
severe attacks the cankers may encircle the stem and penetrate so deeply 
that the seedlings fall over and die. An unusual stage of the disease was 
observed in the Louisiana Delta in 1940 and 1941. The affected plants were 
in the early flowering stage, from 7 to 14 inches high. It was found that 
many of the plants were almost devoid of root systems especially lateral 
roots and were eAsily uprooted (Fig. 1, A). They were growing in a more 
or less prostrate condition and had few fruiting branches. Stems of affected 
plants had deep-seated cankers both above and below the soil line. Many 
showed typical constrictions^’ that almost severed the stems a short dis- 
tance below the surface of the soil (Fig. 1, B). Tissue cultures of infected 
plants yielded, in approximately 90 per cent of the platings, the Rhizoctonia 
fungus. It appears, therefore, that when cold, wet weather continues 
through late spring, the disease may persist and cause considerable injury 
to older cotton plants.— David C. Neal, Bureau of Plant Industry, U. S. 
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!Fig. 1. Unusual symptoms of Bhizoctonia (Corticium mgum) infection of cotton. 
A. Uelf os 425 plants infected with Bhizoctonia and approaching flowering stage. Note 
poorly developed root system, scarcity of lateral roots, and deep cankers on stems below 
soil line. B. Delfos 425 plants. Same age as those shown in A. Note cankers both 
above and below soil line and typical ^ ^ constrictions ^ ^ on stems. Plants collected and 
photographed on June 25, 1941. 

Department of Agriculture and Louisiana Agricultural Experiment Station, 
Baton Rouge, Louisiana. 

Olive Anthracnose in the United States . — A disease of tlie olive fruits 
was found on the Mission variety in December, 1941, on the campus of the 
University of California in Berkeley. The disease appeared to he quite 
similar to the olive anthracnose described in 1899 by d^Almeida^ in Portugal. 
Initial symptoms of the disease consist of small brown spots on the ripe, as 
well as green, surfaces of unripe fruits. The lesions increase gradually in 
size, becoming irregular and depressed in shape. Later, the surface of the 
spots becomes brick-red in general appearance, owing to sporulation of the 
causal fungus, and in some cases turns black. 

The olive anthracnose has been observed in Prance,^ Spain,® Japan, ^ 

1 Almeida, J. V. d^ La des olives eu Portugal. Bull. Soc. Myc. Prance 

15: 90-94. 1899. 

2 Griffon, E., and A. Maublanc. Notes de pathologie vegetale et animale. Bull. Soc. 
Myc. Prance 17: 469. 1911. 
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Bussia,^ Greece,®’^ and Uruguay.® Only in Portugal and in Greece lias tlie 
disease caused important damage, reducing the quality of the fruits. In 
California also, it may become serious, particularly on olives used for oil 
production. 

The fungus was readily isolated on potato-dextrose agar in Petri dishes 
by tissue plantings from the fruits and by direct transfer of the spores from 



Pig. 1. A. Healthy fruit. B. Inoculated fruit. C. The mycelial type. D. The 
conidial type. 

the lesions. The organism has been identified as Gloesporium oUvarum Aim. 
Like many other imperfect fungi, this fungus exhibits the dual phenomenons^ 
that is, when single-spore cultures were made 2 types appeared : the mycelial 


3 ]Sra,varro and Nonell. Epifitias mas importantes del Olivo en Espana. YII Gongres 
Int. Oleiculture. (Seville.) 311 pp. 1924. 

4 Hemmi, T., and S. Kurata. Contributions to the knowledge of anthraenose of 
plants. Jour. Soc. Trop. Agr. Taiwan. 6: 573-583. 1935. 

5 ISTagorny, P. I., and E. M. Eristavi. A brief survey of plant diseases in Abkhasia 
in 1928. Publications Agr. Exp. Sta. of Abkhasia 38. 28 pp. 1929. The Rev. App. 
Myc. 9: 326. 1930. 

6 Petri, L. Azione tossica delP arsenitb sodico sofra le spore Gloesporium 

Aim. Boll. R.Staz. Pat. Veg. Ann. 10: 359-361. 1930. 

7 Sarejanni, J. A. Catalogue eommentd des champignons rencontres sur les plantes 
eultivees en Grbee. Jut. Phytopath. Benaki. (Athens) Ann. 3: 60. 1939. 

3 Acosta, D. R. Investigaciones fitopatologicas. Min. Industrias, Direc. Agron. 
Publ. Mensual4 (12) : 1-18. 1932. 

® Hansen, H. H. The dual phenomenon in imperfect fungi. Mycologia 30 : 442-455. 
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type producing abundant mycelium and few conidia, and the conidial type 
producing many conidia and less mycelium (Fig. 1, C, D). 

Inoculations of wounded fruits of the Mission variety were made sepa- 
rately with spore suspensions of the conidial and of the mycelial types of 
the fungus. Symptoms were apparent after 36 hours, and 1 week later the 
acervuli appeared (Fig. 1, A, B). The 2 types that were reisolated proved 
to be identical with those obtained from the original cultures. 

No great difference in virulence between the conidial and mycelial types 
could be detected as a result of these tests; both were pathogenic to the 
Mission variety. 

A careful search of the literature indicates that this fungus has not pre- 
viously been reported in the United States. Fruit specimens of the disease 
have been deposited in the herbarium of the Department of Botany, Uni- 
versity of California, Berkeley.— Kafael E. Pontis, Eesearch Fellow of the 
Asociacion Argentina para el Progreso de las Ciencias, and H. N. Hansen, 
Division of Plant Pathology, University of California, Berkeley. 

Mycological Nomenclature, — ^The International Rules of Botanical 
Nomenclature are intended to give fixity to names, to avoid error, ambiguity, 
confusion, and the useless creation of names (Art. 4) . 

American Plant Pathologists have followed the spirit of these Rules. I 
hope they, and other mycologists, will give formal consideration to two 
changes I hereby propose, and that are being considered also in Britain: 

1. That, whenever necessary among Fungi, the conservation of specific 
names, firmly established in the literature hy wide use over many years, be 
legalized. For example, the specific epithets in the names Tilletia tritici, T, 
laevis, Ustilago levis and Bhizopus nigricans are illegitimate under the exist- 
ing rules ; their use will continue in any event, and should be legalized. Also, 
about a score of pre-Friesian names of Powdery Mildews used by Salmon 
and all subsequent mycologists could be badly confused by anyone who 
tried to interpret the Rules to the letter. 

2. That Article 57 be rewritten somewhat as follows : Among Ascomycetes 
and Basidiomycetes (but not Phycomycetes) with pleomorphic life-cycles, 
the first valid hinary name applied to the perfect state of a species takes 
precedence. The names of imperfect states can still he used, and should be 
used if ambiguity might follow the use of the name of the perfect state. 

Thus, for example, mycologists now use, and it should be made legitimate 
for them to use, Cladosporium herbarum Fr. despite the fact that its perfect 
stage Sphaerella Tulasnei Jancz. has been found and verified. It may be 
misleading to cite the name of a perfect stage from a country where only 
the imperfect stage is known. 

Those who may think Phycomycetes should bear the names (and, of 
course, the authorities) used when the perfect state (oospore or zygospore) 
of each species was first described should try to provide author citations for 
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Phytophthora infestans, other Peronosporales, and the zygomycetes. Article 
5, in my opinion, excludes Art. 57 from applying to Phyeomycetes ; for the 
consequences of such application are more than doubtful, and it is estab- 
lished custom to use the first valid name applied, "whether to imperfect or 
perfect state.— G. R. Bisby, Imperial Myeological Institute, Kew, Surrey 
England. 
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HoiiTONj Chaeles Stewart, and Frederick Deforest Heard. Bunt or Stinking Smut of 
Wheat. 211 p., 21 figs., Bnrgess Publishing Co., Minneapolis, Minnesota (USA) 
1941. $3.25. ' 

In this book the authors have summarized and briefly discussed most of the important 
investigations that have been reported on bunt and its causal organisms. The authors have 
fulfilled the purpose which they claim for the volume . . to make available a single 
publication that will serve as a source of general information on the present status of the 
bunt problem in its various aspects. ^ ^ The reviewer feels that it is fortunate that two 
men as well qualified for analyzing work with bunt as Holton and Heald undertook to 
bring together this information from its diverse sources and give us the benefit of their 
interpretatioirs. They have produced a reference work with an almost complete bibliogra- 
phy and a resume of what has been accomplished by the investigations which have been 
made with bunt. The book is in mimeoprint and is illustrated with 21 plates of well 
chosen material. 

The book is divided into 11 chapters, each dealing with a separate phase of the bunt 
problem. The chapter headings in abbreviated form are: I. Introduction, II. Economic 
Importance, II. Species Distinction, Spore Germination, and Artificial Culturing, IV. Host 
Range, V. Factors Affecting Infection and Development, VI. Effect of Bunt on Morphol- 
ogy and Physiology of the Wheat Plant, VII. Physiologic Specialization, VIII. Cytology, 
IX. Heterothallism, Hybridization and Species Assocition, X. Varietal Reaction and 
Genetics of Resistance, and XI. Control Measures. In each chapter the authors have 
abstracted and discussed the papers they considered as giving the most important contri- 
butions to that particular phase of the problem. After reviewing the literature they have, 
in most chapters, summarized the results and pointed out the accomplishments, as well as 
the instances where fundamental information is lacking. These summaries and critiques 
add much to the value of the book. For each chapter a bibliography is given, and these 
include many references not cited in the text. There are more than 1100 references listed, 
635 of these in Chapter XI on Control Measures. 

A summary of the seed treatments that appeared to have been most effective and 
practicable in controlling bunt would have added materially to Chapter XI. Only a few 
errors are evident in the printing. Chapters IV, VII, and X should be of particular 
interest to plant breeders, as well as plant pathologists. — R. H. Bamberg, Bureau of Plant 
Industry, U. S. Dept, of Agriculture. 

Gxjilliermond, Alex;andre. The Cytoplasm of the Plant Cell. Chronica Botaniea Co., 
Waltham, Mass., 1941, 241 p., 152 figs. 

Studies on damaged and destroyed cells, important as they are, revml little of the 
nature of cellular organization, in its relation to metabolism, hence the limitations of 
physiological researches conducted on tissue extracts, hreis. . . . One of the most variable 
respiratory systems of the cell, that which has been studied by Warburg, Keilin, and 
recently by Woods and DuBuy, seems closely bound to cell structure and greatly affected 
by alterations of that structure. 

As the chemist has to know of the structure of molecules, so the biochemist has to 
know how molecules link up into the cellular structure,, as perceptible through cytological 
observation. 

To correlate the expression of disease with unbalanced cell metabolism, the patholo- 
gist has to interpret such changes in the cell structure as he can detect through direct 
microscopic observation of living tissues, or through the use of cytological or cytophysio- 
logical methods; from cytological data he can obtain information on the shifting of the 
balance between the various enzymatic systems on the interplay of which cell metabolism 
depends. 

Guilliermond ’s exposition of the physical properties of the cytoplasm, of its chemical 
constituents and physico-chemical constitution, of the plastids and mitochondria and of 
their relationship, of the vacuoles, and lastly, of fatty degeneration and cytoplasmic 
alterations, lead us, through the use of a /^convergent technique’’ to '/seek the relation- 
ship between morphological structure and the physiological activity of the cell.” The 
'^cytologist must become both a chemist and a physicist,” he "must at the same time 
remain a morphologist.” — J. Duprenoy, Louisiana State University, Baton Rouge, 
Louisiana. 
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REPOET OP THE 1942 ANNUAL MEETING OP THE SOUTHERN 
DIVISION OP THE AMERICAN PHYTOPATHO- 
LOGICAL SOCIETY 

The 1942 annual meeting of the Southern Division of The American Phytopathologi- 
cal Society was held in part as a section at the meeting of the Association of Southern 
Agricultural Workers, February 4, 5, 6, in Memphis, Tennessee. A joint session was held 
with the Agronomy Section on diseases of forage crops. About 50 plant pathologists 
attended the meeting, and approximately 12 formal papers were given. The fact that 
the meetings of The American Phytopathologieal Society w^ere held in Dallas, Texas, in 
late December, 1941, explains the limited number of papers presented at Memphis in 
February 1942. A short business session was held on the morning of February 5, when 
the following officers were elected. 

President, S. G. Lehman 
Vice-President, W. H. Tharp 
Counselor, A. G. Plakidas 

Titles and abstracts of papers presented at the meeting follow. 

I. L. Forbes 

Secretary-Treasurer 

Breeding Tohaeco for BlacTc-root-rot Resistance, Henderson', R. G. Breeding 
tobacco for resistance to black root-rot (Thielaviopsis ’hasicola) has been carried on for 
the past 8 years. Crosses have been made between a root-rot-resistant variety of Turkish 
(Xanthia) tobacco and susceptible flue-cured and dark fire-eured varieties. The Fi plants 
were larger than the Turkish parent but resembled it in most other respects. They were 
resistant to root rot, but the degree of resistance was not determined. The F^ plants 
were extremely variable in leaf size and shape, petiole length, number of leaves, etc.; 
otherwise, they were intermediate in appearance between the two parents with closer re- 
semblance to the Turkish parent. There was a noticeable diflerence in degree of resis- 
tance in the Fa population. S'elections in the Fg and Fg populations gave lines highly 
resistant to root rot. The best of these lines, however, closely resemlfled the Turkish 
parent, although some advance was made in obtaining a resistant plant of desirable type. 
Selections from the Fa, Fg, and later generations were backcrossed with the susceptible 
parent, but resistance was maintained more consistently at a high level when or later 
generations, were used. Selections in the progeny of the backcrosses gave resistant plants 
resembling the susceptible parent in general appearance. The leaves of the most resis- 
tant lines, however, were still small. A second backcross was required before plants with 
full-sized leaves were obtained. 

In 1941 several resistant hybrids of the flue-cured type were tested on soil infested 
with Thielaviopsis hasicola. One of these, No. 38, was highly resistant to root rot and 
appeared to have other desirable characteristics. The average height of the plants of 
this hybrid on August 11 was 74.4 in., while that of the adjacent cheek (Cash) plants 
was 37.5 in. Hybrid No. 38 also was included in the variety test at Chatham, Virginia, 
where root rot was not a factor. The hybrid produced 1264 lb, of cured tobacco per acre, 
valued at $420.80, as compared to the check (Yellow Mammoth), which yielded 1072 lb. 
per A., valued at $328.80. 

The growth rate of the most resistant hybrids, as determined by height measurements, 
progressed at a uniform rate from the time the plants were well established in the held 
until they reached full height; whereas that of susceptible plants was slower during the 
first 2 months of the growing season than during the last month, indicating that the 
susceptible plants were stunted by root rot during the cooler part of the season. 

Studies on Soil Sterilisation with Urea and Calcium. Cyanamid. Henderson, B. G. 
Heavy urea and calcium cyanamid applications added to tobacco plant-bed soil have 
given promising results in weed control. These chemicals produce marked changes in the 
physical structure, ammonia- and nitrate-nitrogen content, microbial population, pH, and 
0 R potential of the soil. The time required for the urea and calcium cyanamid to be 
completely ammonified in the soil varies with the soil type and certain environmental 
factors. Manure and blackstrap molasses, applied with the urea, appear to increase 
nitrification. The ammonia concentration also apparently decreases more rapidly in plots 
receiving manure and blackstrap molasses. In an experiment conducted in the greenhouse 
on Granville type soil, about 60 per cent of the urea-nitrogen applied escaped from the 
soil as ammonia during a period of 5 months. Ground wheat straw, added to the soil 
with the urea, reduced this loss to about 33 per cent. The loss of ammonia-nitrogen from 
calcium cyanamid-treated soil in the sanae test was less than 9 per cent without straw and 
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only 2.4 per cent witli straw. Platinum electrodes were buried in treated and nontreated 
soil in the greenhouse and, at frequent intervals, millivolt readings were taken from them 
with a calomel-half cell as a reference. While these readings may not represent the true 
Eh of the soil, they indicate the extreme change brought about by the heavy application 
of urea and calcium cyanamid. The millivolt reading dropped from more than 400 to 
about 50 following the treatment and rose very slowly until at the end of 6 months it 
was approximately 200. Straw added to the calcium cyanamid caused the reading, fol- 
lowing the initial depression, to rise above 300 mv. at the end of the first month; but 
there was a gradual decline after that time, until it approximately equalled that 
without straw at the end of 6 months. The drop in E.M.F., due to the rise in pH, would 
be expected not to exceed 180 mv. On this basis it is evident that these treatments 
brought about a substantial change in the 0 E potential. 

# 

Oospore Froduction in Cabbage Seedlings by Feronospora parasitica, LeBeau, E. J. 
AND J. A. PiNCKAED. Oospores of P. parasitica proved abundant in the cotyledons 
and sparse in the true leaves of field-grown cabbage seedlings in south-central Mississippi. 
Oospore formation also appeared related to moisture, temperature, and light intensity, 
since the spores were most frequently observed in the tissues of seedlings in dense stands 
on the south side of wood-inclosed growing-frames during November and December. 
Most abundant field production of oospores occurred during rainy periods, which per- 
mitted fungal assimilation of food materials from invaded tissues. Dry, bright weather 
appeared to interrupt oospore formation because of desiccation of invaded tissues. 
Greenhouse-grown cabbage seedlings surrounded with cheesecloth produced abundant 
oospores approximately 15 days after inoculation, provided water was continuously atom- 
ized into the air above the plants. In view of these observations, the writers conclude 
that the life cycle of the cabbage downy-mildew fungus is completed with the formatiofi 
of oospores, largely in the cotyledons, and that over-summering of the fungus is probably 
by means of oospores rather than by perennial mycelium in weed hosts. 

Cottonseed Treatment with Dust Freparations Containing Horm<ones Alone and in 
Combination with Ceresan and Spergon, Lehman, S. G. Cotton seed, before planting, 
was dusted in the field with two hormone preparations, one containing indolbutyricacid, the 
other potassium naphthalene acetate. Each hormone dust was used alone and in com- 
bination with Spergon in 2 tests and with 2 per cent Ceresan in 2 tests. The application 
rate or chemical seed ratio by weight was 1 to 113,000 for hormones, 1 to 480 for Spergon, 
and 1 to 160 for Ceresan. Each treatment was planted in a plot of 1 or 3 50-ft. rows in 
each replication, four replications being planted in each test. Neither hormone pro- 
duced any observable effect on the number of seedlings emerged nor on the yield of seed 
cotton. Spergon increased the number of seedlings 11 per cent in one t^t and 22 per 
cent in another, both increases being highly significant statistically. Yield of seed cotton 
increased 6.2 per cent with Spergon in the one test for which yield records were kept. 
Ceresan gave no significant increase in number of seedlings emerged nor in yield. The 
tests with Spergon and Ceresan were planted at different dates, in different locations and 
with different seed varieties. 

Besults from the B-B Fegional Test with Feginned and Acid-delinted Cotton Seed. 
Lehman, S. G., D. M. Simpson, C. H. Eogees, J. A. Einckakd, and C. H. Aendt. The 
purpose of this test was to note the effect of removing the fuzzy or short lint from cotton 
seed before planting. Sublots, treatments, and per cent of lint on the seed were as 
follows: F, fuzzy (natural) seed, 14.9 per cent lint; El, reginned, light cut, 8.1 per cent 
lint; E2, reginned, medium cut, 5.9 per cent lint; E3, reginned, heavy cut, 4.0 per cent 
lint; A, delinted with sulphuric acid, no lint; AS, delinted with sulphuric acid and subse- 
quently scarified. Following the primary treatments each sublot was divided into 2 
aliquots, one of which was dusted with 5 per cent ethyl mercury phosphate dust (New 
Improved Ceresan) and the other left undusted. Six plantings of all sublots were made 
in North Carolina, 2 in Tennessee, 1 in Mississippi and 1 in Texas. Three plantings of 
the Ceresan-treated aliquots were made in South Carolina. In the 6 plantings in North 
Carolina, the mean percentage increase in number of seedlings at the last count before 
thinning for each primary treatment above the natural fuzzy sublot was as follows: El, 
13 ; E2, 22 ; E3, 23 ; A, 53 ; and AS, 48 per cent. Increase for Ceresan dusting was 13 per 
cent. For the 10 plantings in N. C., Tenn., Miss., and Texas the corresponding percentage 
increases were as follows: El, 8; E2, 14; E3, 16; A, 41; and As, 35 per cent; and for 
Ceresan dusting, 16 per cent. For the 3 plantings in South Carolina, where only the 
Ceresan dusted aliquots were used, the following percentage increases were obtained; 
El, 64 ; E2, 51 ; E3, 47 ; and A, 61 per cent. All of the increases reported above were 
highly significant statistically. All reginned and all acid-delinted sublots emerged more 
rapidly than the sublots with the normal amount of lint. 
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Seed-treatment Studies of Vegetable and Ornamental Plants. Person, L. H. and 
S. J. P. Chilton. Tests were made of cuproeide, red copper oxide, yellow copper oxide, 
zinc oxide, Vasco 4, Ceresan, and Semesan as seed treatments, and yellow copper oxide, 
zinc oxide, Vasco 4, Leaf ox 200, formaldehyde dust, and sand as soil treatments for 
tomatoes, peppers, and eggplants. Seeds treated with the copper dusts gave the best 
results over a period of 3 years. Semesan and Ceresan were sometimes toxic, and the 
zinc compounds gave erratic results at times when used on the seed. The copper dusts in 
water and the zinc compounds dusted on the surface were of equal value as soil treatments. 
Formaldehyde dust as a soil treatment was of little value. Sand reduced emergence 
approximately 10 per cent. With tomatoes and peppers, seed treatment with cuprocide, 
Merckxs red copper oxide, or yellow copper oxide was usually sufficient to obtain good 
stands without soil treatment. With eggplants, seed treatment with the copper dusts, 
and soil treatment, either with a water suspension of the copper compounds or a covering 
of one of the zinc compounds given above, was necessary to insure good stands. 

Cuprocide, yellow copper oxide, Vasco 4, Leaf ox 200a, 1286a, 1286cce, Spergon, Bar- 
bak C, Ceresan, New Improved Ceresan, and New Improved Semesan, Jr., were tested on 
the seed of various ornamental plants in the greenhouse. The mercury dusts were toxic 
where applied full strength. Yellow copper oxide gave the best results of all compounds 
tried on centaurea, zinnia, cosmos, calendula, and pansies. 

The JSfect of Depth of Planting on Fussiy and Aeid-delinted Cotton Seed. Eat, W. 
Winfield, Field experiments were made with Ceresan-treated fuzzy and acid-delinted 
seed in which 4 depths of planting, 1, If, 2i, and 3i inches, at 2 rates and 2 dates were 
employed. The data for both stands and yields were analyzed by the analysis-of -variance 
method. The delinted seed proved superior statistically to the fuzzy seed at the 4 depths 
of planting. No significant differences existed between the 2 shallower depths of planting 
for either of the 2 seed types, but both of the shallower depths of planting gave stands 
and yields statistically superior to those of the 2 deeper plantings. It is concluded that 
the depth of planting normally employed for fuzzy seed is favorable for acid-delinted seed 
and that the acid-delinted seed gives stands and yields superior to those from fuzzy seed. 

Pesults of Seed Treatment Tests on Peamits. Shaw, Luther. Nineteen chemical 
dusts were extensively tested in the summer of 1941 to determine their effects on emergence 
of peanuts when seed-dusted before planting. Eesults of 3 suitably replicated tests, 
conducted in the field, show an average emergence of 23.2 per cent for the nontreated 
plots. One organic sulphur and 2 organic mercury materials consistently gave the 
greatest emergence, averaging 65.5 per cent for the organic sulphur, and 63.0 and 60.4 
per cent for the mercury materials. Spergon, and a 20-80 mixture of lime and sulphur 
resulted in emergences of 59.4 and 52.9 per cent, respectively. Eight copper compounds 
were used, the copper content of each dust having been adjusted to 10 per cent with tale 
as a diluent. All of these materials, excepting one, gave increased emergences of medium 
rank. Most of the other materials tested gave small increases in emergence. Observations 
and preliminary experiments indicated that the increases in emergence obtained from 
seed treatment resulted from prevention of seed decay prior to germination. It was also 
evident that most of this decay took place during the first 3 to 4 days after planting. 

Besults of Preliminary Experiments on the Control of Boot Diseases of the Peach. 
Shaw, Luther, Eesults of preliminary experiments conducted at 2 locations in North 
Carolina in the 1941 season indicate that certain chemical soil treatments offer pi*omising 
aid in replanting old orchard sites. One of the locations involved an area planted to 
Elberta peaches for 4 years, and the other an area planted to the same variety for about 
20 years. An examination^of trees pulled prior to undertaking the experiment revealed 
the presence of root knot, crown gall, .and root rots at both locations, the rots being 
prominent at the older site only. Bands of soil 6 feet wide, centering on the tree row 
and extending through 5 old tree sites received varying rates of the following 10 treat- 
ments : Chloropicrin, Paradichlorobenzene, benzol, sulphur, cyanamide, urea, basic slag, 
nitrate of soda, potash, calcium hypochlorite, Spergon, and Spergon No. 98 special. About 
2 months after treatment all plots were planted with Belle of Georgia peach trees on 
native root stock. Two additional nontreated plots were planted with the same variety 
as controls, and one with the same variety on Shalil root stock. Eesults of these tests 
show: (1) Shalil root stock was practically immune from root knot, but was susceptible 
to crown gall; (2) urea gave excellent disease control at both locations, but severely 
stunted the trees; (3) chloropicrin resulted in excellent tree survival and vigor at both 
locations, but gave only moderate root-knot control in the younger orchard site; (4) the 
remaining treatments gave little to no improvements in disease control or tree survival 
over that of the controls. 

Further Studies on the BeacUon of Commercial Cotton Varieties to Boot-Tcnot 
"Nematode. Smith, A. L. Eeaction to root-knot of commercial varieties studied in 1941 
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confirm results previously reported (Phytopath. 31: 1099-1107, 1941). A system is de> 
scribed for expressing root-knot susceptibility in terms of a single figure, the ^'root-knot 
index.’’ The range of values varies from 0 to 100, the latter term representing complete 
susceptibility. This system facilitates comparisons and permits statistical analysis of the 
data. A comparison of 25 commercial varieties shows Coker’s 4 in 1-4 and Coker’s 4 
in 1-5 to be superior to others in root-knot resistance. Inbred lines selected from com- 
mercial varieties varied widely in resistance and indicate possibilities for improving root- 
knot resistance. Additional evidence was obtained suggesting that root-knot resistance is 
inherited recessively. 

Moot-lcnot Mesistance of Five Soybean Varieties. Taylor, A. L. A method for 
testing resistance of plants to the root-knot nematode, Heterodera marioni, was devised 
and tested in 4 experiments at 3 locations on the Laredo, Biloxi, Otootan, Clemson, and 
Georgian varieties of soybeans. Irregularities in the results at tlie different locations sug- 
gest that root-knot resistance varies with ecological conditions. None of the tested 
varieties of soybeans was found resistant enough to warrant its recommendation for 
use in nematode-reducing rotations. 

Chemical Control of Foot Knot. Taylor, A. L. The root-knot nematode, Heterodera 
marioni, can be controlled in soil in the field or greenhouse by the use of chloropicrin, 
ethylene diehloride, carbon bisulphide or methyl bromide. All except methyl bromide 
are applied by injecting measured amounts into the soil at regular intervals. Methyl 
bromide is applied by releasing the gas under an air tight soil cover. Costs per acre, 
including an allowance for application, are: Chloropicrin, $180 to $360; ethylene 
dichloride, $340 to $360; carbon bisulphide, $70 to $90; methyl bromide, $150 to $200. 
Carbon bisulphide cannot be generally recommended because of its extreme fire and 
explosion hazard. Where crops are planted in widely spaced rows or hills, the ^^spot 
treatment” technique can be applied with chloropicrin at costs ranging from $8 to $10 
per acre for watermelons to $35 to $40 per acre for tomatoes. Methyl bromide is 
particularly effective for treating potting soil, complete control of root knot being obtained 
with J ml. per cu. ft. and a cost of less than 1 cent per cu. yd. Ethyl mercury iodide also 
may be used for control of root knot on potting soil high in organic matter, but appears 
to be toxic to some species of plants. 

Distribution of the Boot-hnot Nematode in High Bidge Flantings of Potatoes and 
Tomatoes. Thorne, Geralu. The root-knot nematode, Heterodera marioni, has a very 
definite behavior in the potato fields of western Nevada, where production is by irrigation. 
The water is applied through deep furrows between the rows. Most of the tubers are 
produced within ridges formed by ^ ^ hilling up ’ ’ the plants as the furrows are dug. 

Irrigation water applied to level fields stands deep in the furrows and the soil is 
saturated, giving the nematodes every opportunity to reach plants, with the result that 
practically every tuber is heavily infected and unfit for use. Water flowing rapidly 
through the furrows of sloping fields rises in the ridges only by capillary action and the 
soil does not become saturated. Nemic activity is thereby restricted to the lower por- 
tions of the ridges, and tubers from the top 4 or 5 inches are generally clean. Below 
these uninfected tubers a few nematodes appear and the numbers increase with the 
depth until, near the water level in the furrows, the tubers are severely infected. 

Similar conditions were observed in 2 California tomato fields, one near Santa Ana, 
the other near Modesto. In both instances frequent, shallow irrigation between high 
ridges produced good crops. Downward growing roots were soon clubbed and deformed 
by root knot, but those growing laterally made a remarkable growth, often extending 6 to 
10 ft. along the ridges with little or no infection. The owner of the Santa Ana field stated 
that filling the furrows with water just once would destroy the crop within a week. 

Moisture appears to be the principal underlying factor in producing the above modes 
of root-knot infection, since temperatures and soil types were very different in the 2 
widely separated localities observed. 

Populations of Boot-Tcnot Nematode Larvae in Two Kern County, California, Fields. 
Thorne, Gerald, Merlin W. Allen, James Hare, and Mark A. Lindsay. A pre- 
liminary survey of Kern County, California, in the summer of 1941, showed upwards of 
75,000 acres of land infested with the root-knot nematode, Heterodera marioni. Two 
severely infested fields were selected for study, one near Arvin, the other near Shatter. 
Soil samples were taken in 6-ineh columnar sections to a depth of 5 feet and examined for 
root-knot larvae by the Cobb sifting and gravity methods. Great variation was found in 
the numbers of larvae in the various sections and between the total samples. Distribution 
of larvae appears determinable by location of roots of cotton and alfalfa grown in the 
fields for 3 preceding years. Highest populations of individual samples varied from the 
7- to 12- to the 55- to 60-inch sections, usually being in, or below, the 19- to 24-inch 
section. Most samples failed to reach the extreme depths occupied by the larvae, in some 
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instances tlie maximum population was in the 55- to x* lt ^ , 

doubtiass would have b/e/found deeper had%Te 

Young loots of alfalfa, following cotton, were rarely attacked, although they were 
closely associated with thousands of lapae. The reason for this fai ure to make a rrady 
transfer of hosts is problematical but it may be due to the existence of 2 dSt strains 

:iXrsly^f“ «ther c^opt^r^ 

n mat*T “ ^ locali^ tLtxS depths Tt* which 1 So^poS 

evaluating host planirin rgiven Sty whfn^lanr^Scrop rKnI°tor®nemto®c1ntroh 

potton-seed Treatments atid Angular-leaf-spot Control. Young Y H A study in 
VO ying the Acala variety of cotton was made to determine the effects ‘of sulphuric acTd 
debating of cotton seed and of flotation grading of the delinted seed into ‘ ‘ flootors ’ ’ 
“sinkers,- combined with the use of nIw Improved Ceresan L'Sence of cotton 
eases, percentages of emergence and yields of seed cotton. The following six treatments 
were employed : Fuzzy seed, nontreated (check) ; fuzzy seed treated with Oeresan-Tcid- 
delinted “floaters” nontreated; acid-delinted “floaters” treated with Ceresan- S- 
delinted “smkers” nontreated; acid-delinted “sinkers” treated with Ceresan. Ali trelt 
incidence of seedling diseases in comparison to the fuzzy nom 
vieated checks, but no other treatment was superior to fuzzy seed treated with Cereian-n i-n 
that respect Counts made September 1 showed 75 per cent'^of pints in n^ntoea^^^^^ 
plots affected with angular leaf spot (Baeteritim malvaoearum) compared to 13 to 35 per 
cent m other plots. Emergence was little affected by any of the treatments employed 
Flotation grading in this particular case failed to increase the percentage of emergSot 
Yields for all plots planted with treated seed were 31 to 48 per cent greater than for plots 
planted to fu^y nontreated seed, but differences between treatments were not statistically 
signiflcant_ Data were analyzed statistically by the analysis-of -variance method. Under 
the conditions of this experiment, all treatments gave highly significant yield increases 
over nontreated cheeks and highly signficant decreases in tte incidence of sLdling blights 
and pgular-leaf -spot infections, compared to the checks, but acid delinting and flotation 
grading failed to give significantly better results than were obtained from the use 
of ethyl mercury phosphate dust on normal .fuzzy seed. 
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INHERITANCE OF PATHOGENICITY IN MELAMPSORA LINP 

H. H. Floe2 

(Accepted for publication December 3, 1941) 

INTRODUCTION 

The flax-rnst fiingais, Melampsora Uni (Pers.) Lev., is autoecious and 
long-cycle; that is, it produces its pycnial, aecial, uredial, and telial stages 
solely on species of flax. Allen (1) demonstrated the heterothallic nature of 
M. linif and Plor (3, 4) found that rust of cultivated flax, Linum iisitatis- 
simum L., comprised numerous physiologic races. 

Every flax variety tested has been susceptible to 1 or more of 24 physio- 
logic races identified from North and South American collections of flax 
rust. However, no single race known is capable of attacking all of the 11 
differential varieties used in these tests. In the northern United States, flax 
rust overwinters by means of telia (6) and, consequently, natural hybridiza- 
tion is probably coincident with the initiation of infection each year. A 
sound program for the production of desirable rust-resistant varieties of 
flax requires a knowledge not only of the interaction of the factors governing 
rust reaction possessed by the varieties of flax but also of the interaction of 
the factors for pathogenicity in various races of the flax-rust fungus. The 
data reported in the present paper deal with the latter subject. 

Knowledge of the inheritance of pathogenicity in the rusts is limited. 
It was not until 1927 that Craigie (2) demonstrated the heterothallic nature 
of rusts and thus made possible the genetic study of these organisms. Physi- 
ologic races of rust are differentiated by the type of infection produced on 
a series of differential varieties, a laborious process restricting the number 
of progeny cultures that can be studied. Additional impediments to the 
genetic study of pathogenicity in the rusts are the capricious germination of 
the telia and the difficulty of obtaining races of known homozygosity. It 
■also is probable that the differential varieties used to identify the physiologic 
races are not capable of resolving the rust into all of its genotypic strains. 

New physiologic races of cereal rusts have been obtained by selfing or 
crossing known races of Piiccinia graminis tritici Eriks, and Henn. (8, 12, 13, 
16), P. graminis avenue Eriks, and Henn. (10), and P. ruhigo-vera tritici 
(Eriks, and Henn.) Carl. (17), as well as by crossing the different varieties 
of stem rust (14) . The data of Johnson, Newton, and Brown (8) , obtained 
in a study of the inheritance of pathogenicity in a cross between two races 
(9ax36) of P. graminis tritic% point toward Mendelian inheritance. In 
this cross the pathogenicity of Pa ru^ cultures to Arnautka, Mindum, and 
Spelmar appeared to be inherited as a unit and was conditioned by a single 

1 Cooperative investigations between the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, U. S. Department of Agriculture, and the North Dakota Agricultural 
Experiment Station. 

2 Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agriculture. 
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pair of factors with virulence dominant. Pathogenicity to Kanred was 
conditioned by a single pair of factors with avirulenee dominant, and 
pathogenicity to Vernal by 2 pairs of duplicate factors with avirulenee 
dominant. Each of these 3 characters appeared to be inherited inde- 
pendently. In a cross between races of P. graminis avenae^ Johnson and 
Newton (10) found that in the Pi avirulenee was dominant to virulence. 

MATERIAL AND METHODS 

The races of Melampsora Uni here reported were of diverse origin. Paces 
6, 9, and 10 originated from uredial collections made in Minnesota in 1934. 
Pace 24 was obtained as a uredial collection from North Dakota in 1938. 
Pace 20 was derived from a telial collection obtained from Uruguay in 1935, 
and race 22 from telia received from Argentina in 1937. The telia material 
used in these studies, with the exception of that of race 24 was directly 
descended from the single urediospore isolate from whose pathogenic proper- 
ties the original race was described. The telia of race 24 were collected in 
the field in 1938 on Bombay, a variety that had been immune from all other 
races. 

Considerable difficulty has been experienced in germinating teliospores 
produced in the greenhouse. Best success was obtained from telia developed 
on greenhouse-grown plants ripening in April, stored in the laboratory at 
room temperature for several weeks, frozen in blocks of ice for 6 months, and 
then alternately wetted and dried at 2-day intervals for several weeks. Even 
with this technique, germination has been exceedingly erratic, the teliospores 
of one race failing to germinate, although developed simultaneously and 
receiving treatment identical with those of a race that germinated profusely. 

The capricious germination of the teliospores made it desirable to de- 
termine their viability prior to inoculating flax plants with sporidia. This 
was done by first wetting the segments of telia-bearing flax stems for 2 to 4 
hours and then placing them on a glass slide in a Petri dish, with its cover 
lined with moist filter paper, and incubating overnight at 55-60° P. A 
microscopic examination of portions of the slide adjacent to the telia for the 
presence of sporidia revealed the state of activity of the teliospores. 

In rust studies (1, 12) the essential feature of methods employed in 
inoculating plants with sporidia was to permit the gametophytic sporidia to 
shower down on a rust-susceptible plant in a moist atmosphere. In the 
studies here described satisfactory results were obtained by the following 
technique. The flax segments bearing the germinating teliospores were 
placed on a wet filter paper in the cover of a Petri dish which was inverted 
and stuck in the top of a large bell jar by means of a ball of moist clay. The 
bell jar, lined with moist filter paper, was placed over a 4-ineh pot containing 
5 vigorously growing rust-susceptible flax plants, 8 to 12 inches high. The 
plants were previously atomized with tap water until numerous fine water 
droplets formed on the leaves. The amount of infection was roughly con- 
trolled by observing the viability of the teliospores as shown by the pre- 
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mocplation test and varying the quantity of telial material placed over the 
plants and the duration of the sporidial shower accordingly. As a rule, 
telial germination was poor and the plants were subjected to sporidial 
inoculation for 10 to 14 hours and then incubated in a moist chamber for 
an additional 12 hours. 

Sporidial infection was first manifest as flecks on the leaves, usually 6 
to 8 days after inoculation, the time varying with light and temperature 
conditions prevailing during, the incubation period. Since cultures result- 
ing from the transfer of pycnial nectar from one haploid infection to 
another comprised the basic unit in these studies, leaves having several 
pycnial infections were picked from the plant as soon as the pycnia were 
evident. Pour to 6 additional days were allowed for the development of 
aecia from multiple infections not readily visible, before nectar was trans- 
ferred from one pycnium to another. Except on heavily infected leaves, 
the development of normal aecia from what appeared to be single pycnial 
infections rarely occurred. 

The amount of nectar produced by pycnia varied from almost micro- 
scopic droplets to drops so large that they dripped from the leaf. Usually, 
nectar production was relatively limited. The technique employed in 
transferring pycniospores from one haploid infection to another was as 
follows: A small loop of 28 gauge chromel wire was flamed, dipped in 
water or a solution of 5 per cent sucrose in water, and touched to a droplet 
of pycnial nectar. The nectar thus lifted was then transferred to a second 
pycnium. In attempted selfing, the usual procedure was to start at the base 
of the plant and transfer nectar to the lower pycnial infection from the 
just below the leaf bearing the infection receiving the nectar. By this 
pycnium immediately above it. A colored thread was tied around the stem 
method it was assured that pycniospores from a single pycnium would effect 
fertilization in not more than one aeeium. This is essential in a genetic 
study of rusts as the paternal and maternal pustules contribute equally in 
Mendelian inheritance. 

The aecia ruptured the epidermis of the leaf exposing the aeciospores in 
2 to several days following transfer of nectar to a pycnium of opposite sex. 
Usually, in 5 days approximately 50 .per cent of the matings produced 
vigorous aecia. As soon as the aeeium was evident the leaf bearing it was 
plucked, laid on a glass slide, and the aeciospores dusted by means of a 
camel-hair brush on the unfolding leaves of the terminal bud of 3- to 4-inch 
seedlings of a rust-susceptible variety. The inoculated seedlings were atom- 
ized with tap water and incubated under bell jars for 18 to 24 hours at 55 to 
60° F. The resultant urediospores were collected in glass vials and 4 to 8 
seedlings of each of the rust-differentiating flax varieties were inoculated by 
dusting these spores on the leaves and terminal bud. The plants thus in- 
oculated were placed in moist chambers, atomized with tap water, and incu- 
bated 24 hours. They were then removed to rust compartments in a 
greenhouse kept at about 70° F. during the day and 60° F. at night. To 
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insure vigorous growth, daylight was supplemented during the hours of 
darkness with artificial illumination from 200- watt Mazda bulbs hung 12 
inches above the plants. 

The physiologic races of flax rust have been differentiated by the type 
of uredia produced on 11 varieties of flax (4). Infection type may be re- 
garded as the visible expression of the reaction of the host to the parasite, a 
measure of either the susceptibility of the host or of the pathogenecity of the 
parasite. The presentation of the results has been facilitated by the use 
of the terms avirulent, semiviriilent, moderately virulent, and virulent to 
describe types of rust infection, corresponding to classes of host reaction. 
Classes of host reaction and types of rust infection used in this paper are as 
follows: 


Class of host 
reaction 

Type of rust infection ^ 

Immune 

Besistant 

(I) 

(E) 

0 

1,2 

No uredia evident ] 

Uredia small with chlorosis or necrosis J 

> Avirulent 

1 

Semi- 

resistant 

(SB) 

3- 

Uredia variable with necrosis } Semi-virulent 

Moderately 

susceptible 

(8-) 

1- to 3 

Uredia small to medium; little necrosis, ] 
variable chlorosis, sensitive to environ- ; 
mental conditions J 

Moderately 

virulent 

Susceptible 

(S) 

3 to 4 

Uredia medium to large without chlo- 1 
rosis or necrosis j 

1 Virulent 


Quantitative differences as shown by vigor of sporulation and number of 
pustules are indicated by plus (+) and minus (-) signs. 

Kesistant, semiresistant, and moderately susceptible reactions were 
considered to be “intermediate’’ in contrast with immune and susceptible. 

Although hybridizing and selfing as applied to rusts may not be identical 
with the use of these terms as applied to spermatophytes, they are genotypi- 
cally homologous. Instead of a single pollen-cell nucleus fusing with a 
single egg-cell nucleus, there probably occur numerous dikaryotic associ- 
ations of the paternal and maternal nuclei. However, if the life history and 
nuclear behavior of Melampsora Uni as reported by Allen (1) be true, all 
of the aeciospores, urediospores, and teliospores resulting from the transfer 
to one haploid pycnium of pycniospores from a second haploid pycnium of 
opposite sex are genotypically identical, except for possible mutations. 

There are several sources of error in a genetic study of a rust such as 
Melampsora Uni. It is not possible to ascertain that each pycnium is 
haploid and not the result of infection by two sporidia of the same sex. 
Also, the aecium of M. Uni is caemoid, usually develops very rapidly, yet all 
aecial infections do not develop at the same rate. The aeciospores begin to 
shed as soon as the leaf epidermis covering the pustule ruptures and, con- 
sequently, there is the possibility of spores from one pustule falling on 
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aiiothei\ Attempts to catch the aecium just before the epidermis ruptured 
resulted in poor infection, loss of many cultures, and in obtaining numerous 
degenerate type cultures resembling the ‘‘subepidermal strains’^ of Johnson 
and Newton (9). Mixed cultures resulting from infections by two sporidia 
of the same sex but carrying different factors for pathogenicity, as well as 
those due to accidental contamination of one aecium with spores from 
another, could be detected if one of the differential varieties were resistant 
to one and susceptible to another of the races comprising the mixture. De- 
tection was difficult if the races involved differed in pathogenicity on a 
variety that was either immune or susceptible (having no intermediate in- 
fection type), since only the susceptible type of pustule would be evident. 
Errors due to these sources would increase-the proportion of virulent races, 
since a mixed culture would be read as having the pathogenicity of the more 
virulent race. 

RESULTS : 

Selfed Parent Paces 

The reactions of the 11 differential varieties of flax, employed in identify- 
ing the physiologic races of the rust fungus, to the parental urediospore 
cultures and to the selfed cultures of each of the 6 races that have been , 
studied are given in table 1. | 

The physiologic races of Melampsora Uni were less heterozygous than ; 
were those of Puccinia graminis tritici and P. graminis avenae, as indicated I 
by other studies (8, 10, 13). Three of the 6 races tested, namely, races 10, 

22, and 24, appeared to be homozygous, as the reaction of the 11 rust 
differentiating flax varieties to all of the selfed cultures of each race agreed 
with their reactions to the parent race. Certain selfed cultures of each of 
races 6, 9, and 20, differed pathogenically from the parent races. Differ- 
ences in pathogenicity of the progeny of these 3 pathogenically heterozygous 
races were in each case confined to 1 of the 11 differential varieties. How- 
ever, a different variety was involved in each instance. Of the selfed cul- 
tures of race 6, 7 were like the parent to which Akmolinsk is resistant, and 2 
differed from the parent only in producing a virulent type of infection on 
Akmolinsk. The range of pathogenicity of these 2 cultures was unlike that 
of any race previously described; therefore, a new number, namely, No. 33,^ 
has been assigned to them. Of the 11 selfed cultures of race 9, 8 were like 
the parent race to which "Williston Golden is moderately susceptible, and 3 
were like race 13 to which this variety is resistant. Of the selfed cultures 
of race 20, 15 were like the parent race from which Buda is immune. Buda 
was susceptible to the other 4 cultures, which agreed in range of patho- 
genicity with race 19. In each case, the segregating ratio approximated 

3 Race numbers 25 to 32, inclusive, have been assigned to the 8 physiologic races iden- 
tified by W. Straib, (Zum epidemischen Austreten des Leinrostes in Ostpreussen. Nach- 
richtenbl. f. den. Deut. Pflanzenschutzdienst 19: 49-51. 1939) from European collections 

of flax rust as follows: H-1, race 25; S-1, race 26; S-2, race 27; D-1, race 28; S-3, race 
29; D~2, race 30; B-B, race 31; and B-4, race 32. j 


TABLE 1.— Reaction of 11 differential varieties of flax to parent races of Melamspora Uni and to the cultures of self ed races and hybrids 
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that that would have been expected were the parent race heterozygous for 
a single factor pair conditioning infection type ©n the variety to which the 
selfed cultures segregated for pathogenicity. 

In order to determine the pathogenic range inherent in each selfed race, 
a mass transfer of pycniospores was made between the pycnia on heavily 
infected flax plants. The differential varieties were inoculated with a 
mixture of the resulting aeciospores and also with the urediospore increase 
resulting from the inoculation of a rust-susceptible variety with the aeci- 
ospore composite. In no instance did the composite aeciospore or uredio- 
spore collection have a wider range of pathogenicity than the selfed cultures 
of that race. The presence of races having a more restricted range of 
pathogenicity than that of the parent or the selfed cultures would not be 
apparent when a composite inoculum is used. 

Pi HYBRIDS BETWEEN RACES 

Crosses between Eaces 9 and 10 

Williston Golden was resistant to the 32 Pi cultures of crosses between 
races 9 and 10. This is of special interest because selfing studies indicated 
that race 9 was heterozygous for pathogenicity to this variety, the factor for 
moderate virulence being dominant to that for avirulence. In the hybrid, 
apparently the factor of race 10 for avirulence to Williston Golden was 
dominant to the factor of race 9 for moderate virulence. 

Eepeated attempts to germinate telia, produced in the greenhouse, from 
crosses between races 9 x 10^ and 10 x 9 have failed. However, significance 
cannot be attached to this, as parallel attempts to germinate some telia of 
races originating from urediospores collected in the field and subjected to 
identical growing conditions also failed. 

Crosses between Eaces 6 and 22 

Eace 6 (Pig. 1, A) has a restricted pathogenicity. Williston Golden, 
Williston Brown, and pale blue crimped’’ are the only differential varieties 
susceptible or moderately susceptible to it. Eace 22 (Pig. 1, B) has the 
widest pathogenic range of all the races thus far identified. All of the 
differential varieties are susceptible to it except J.W.S. and Bombay, which 
are immune. None of the differential varieties has an intermediate reaction 
to race 22. 

Selfing of race 6 showed it to be heterozygous for pathogenicity to 
Akmolinsk and indicated that avirulence was dominant and conditioned by 
a single pair of factors. Selfing of race 22 showed it to be homozygous for 
the production of the virulent inf ection type on Akmolinsk. The number of 
cultures of the cross between race 6 and 22 was limited by the paucity of 
pycnia of race 6. However, Akmolinsk was susceptible to 3 and resistant 

^ Following the precedent of Newton, Johnson, and Brown (12), the race placed first 
(maternal) is the one on whose haploid pnstnles aecia are developed as the result of a 
transfer to them of pycniosp ore-containing nectar of the other (paternal) race. 
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Fig. 1. Infection types produced by : A, race 6 ; B, race 22 j 0, Fi of race 6 x race 
22 ; Dj Fj of race 22 x race 6, on paired leaves of the flax varieties : a, Buda ; h, Williston 
Golden; c, Aknaolinsk; d, J.W.S,; e, Abyssinian; f, Ottawa 770B; g, Argentine; h, 
Bison, and iy Bombay. 

to 3 of the 6 Fi hybrid cultures. This is the ratio that would he expected 
if race 6 were heterozygous and race 22 homozygous for a pair of factors 
conditioning ability to produce a virulent infection type on Akmolinsk. 

Buda was semiresistant to the 6 Fi cultures of hybrids between races 6 
and 22, a reaction intermediate to that of this variety to the parent races. 
The Fi cultures of this cross were identical in pathogenicity except for the 
infection types on Akmolinsk and Abyssinian. Three of the 6 Fi cultures 
had a range of pathogenicity resembling that of race 14 and similar to that 
of the Fi hybrid cultures of race 24 x race 6 (Fig. 2, C). Akmolinsk was 
resistant and Abyssinian was highly resistant to or immune from these cul- 
tures. The other 3 cultures (Fig. 1, C and D), to which race number 34 has 
been assigned, had a range of pathogenicity different from that of any pre- 
viously described race. To these, Akmolinsk was susceptible and Abyssiuian 
moderately resistant. 
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In all tests thus far made, Abyssinian has been highly resistant to or 
immune from all races to which Akmolinsk has been resistant; and moder- 
ately resistant, moderately susceptible, or susceptible to races to which 
Akmolinsk has been susceptible. Akmolinsk has been susceptible to all 
races attacking Abyssinian but the latter has been resistant to certain races 
to which the former has been susceptible. 


Crosses between Races 22 and 24 


Fig. 2. Infection types produced by: A, race 6; S, race 24 ; C, Fi of race 24 x race 6 
(Eace 14) ; D, Fi of race 22 x race 24; and E, Fj of race 24 x race 22, on paired leaves of 
the flax varieties: a, Buda; 6, Williston Golden; e, Akmolinak; d, J.W.S.; e, Abysinnian; 
/, Kenya; g, Ottawa 770B; h, Argentine; i, Bison, and J, Bombay. 


Races 22 and 24 differ distinctly in pathogenicity to several of the dif- 
ferential varieties. All the differential varieties are susceptible to race 22 
J.W.S. and Bombay, which are immune (Fig. 1, B). Bombay is 
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susceptible, and Akmolinsk, Kenya, Abyssinian, Argentine, and Ottawa 770B 
are resistant to or immune from race 24 (Fig. 2, B). 

The range of pathogenicity of the Pi cultures conformed to the pattern 
of the other hybrids. Williston Golden and Williston Brown, susceptible to 
both parent races, were susceptible to the Pi hybrids. Buda, moderately 
susceptible to race 24 and susceptible to race 22, was more susceptible to the 
Pi hybrids than to the race 24 parent (Pig. 2, D, J5). Akmolinsk and 
Abyssinian were as resistant to the Pi hybrids as they were to race 24. 
J.W.S., immune from both races, also was immune from the Pi hybrids. 
Argentine and Ottawa 770B, immune from race 24 but susceptible to race 
22, and Bombay, immune from race 22 but susceptible to race 24, were im- 
mune from the Pi hybrids. The Pi hybrids had a range of pathogenicity 
resembling that of race 2. Thus, in these crosses, as in the preceding ones, 
the factors for avirulence appeared to be dominant. 

Crosses between Races 6 and 24 

The crosses between races 6 and 24 were made in the spring of 1939 and 
only 4 Pi cultures survived over-summer storage. The parents, race 6 (Pig. 
2, A) and race 24 (Pig. 2, B), differ only in pathogenicity to Buda and Bom- 
bay. These 2 varieties are, respectively, highly resistant to and immune from 
race 6 ; and moderately susceptible and susceptible, respectively, to race 24. 
The hybrids had the pathogenicity of race 14. As in the crosses already dis- 
cussed, the reaction of Buda to the Pi hybrid cultures was somewhat inter- 
mediate to its reaction to the parent races. The reaction of Buda to these 
hybrids, although approaching its reaction to race 24, was distinctly less 
susceptible (Pig. 2, 0). 

P 2 Cultures of Race 6 x Race 24 

One of the Pi cultures of race 6 x race 24 was selfed and the distribution 
of the pathogenic characters in which the parent races differed was deter- 
mined for 96 P 2 cultures. The Pi cultures segregated for pathogenicity to 
Akmolinsk, as well as to Buda and Bombay. As previously mentioned, 
although Akmolinsk was resistant to both parent races, it was susceptible to 
some of the selfed cultures of race 6; an indication that the parent race 6 
was heterozygous for pathogenicity to this variety. Apparently, the hap- 
loid pycnium of race 6 fertilized by pycniospores of race 24, from which this 
hybrid culture developed, possessed the factor for virulence to Akmolinsk. 
The reaction of the other 8 differential varieties to the F 2 cultures of this 
cross was identical with their reaction to the parental and Pi cultures. 

The reaction of Akmolinsk and Bombay to all cultures of Melampsora Uni 
has been clear cut. The former has been either highly resistant or suscep- 
tible and the latter either immune from or susceptible to all races with which 
they have been tested. The reactions of Buda to the several races are diverse, 
varying by almost imperceptible stages from immunity to susceptibility. 
Since the reaction of Buda is influenced by environment, tests with this vari- 
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ety were repeated. To assure uniform environmental conditions during the 
period of rust development, the reaction of Buda to the 96 Fa cultures was 
determined simultaneously. After inoculation and incubation, the pots 
were placed on a greenhouse bench and rotated daily so as to subject each pot 
of inoculated plants to relatively uniform light conditions. When the infec- 
tion types had fully developed, the entire series was arranged according to 
severity of infection. A natural division seemed to be into the following 5 
classes, based on type and degree of infection: (1) resistant (E) ; (2) mod- 
erately resistant (Er-) , intermediate between the resistant and semiresistant 
classifications having pustules more numerous and vigorous than the former 
and smaller than those of the latter; (3) semiresistant (SE) ; (4) slightly 
susceptible (SE^) intermediate between the semiresistant and the moder- 
ately susceptible classes of host reaction, having more numerous, medium- 
size pustules of greater vigor than the semiresistant class but accompanied 
by distinct necrotic lesions • and (5) moderately susceptible (S-). 

The frequency distribution of the reaction of Buda, Akmolinsk, and Bom- 
bay to the Fa progeny of the cross between race 6 and race 24 is given in table 
■2. Apparently, 2 pairs of factors are involved in conditioning pathogenicity 


TABLE 2. — Segregation in the of a cross between race 6 and race S4, for patho- 
genicity to the varieties Buda, ATcmolinsJc, and Bombay 


Variety 

Class of host reaction 

Inf ection type 

Number of Fa cultures 
producing indicated 
infection type 




Calculated 

Observed 

Buda 

Resistant 

1 

6 

a • b 

5 

Buda 

Intermediate : 





Moderately resistant 

1 to 2-f 

241 

241 


Semiresistant 

1, 2 and 3~ 

36 \ 84 

42 1 84 


Slightly susceptible 

1, 2-f and 3- 

24 J 

18] 


Moderately susceptible 

14- to 3 

6 

7 

Akmolinsk 

Resistant 

1 

72 

71 

Akmolinsk 

Susceptible 

3 to 4 

24 

25 

d 

Bombay 

Immune 

0 

72 

67 

Bombay 

Susceptible 

3 to 4 

24 

29 


a X2 for a ratio of infection types on Bnda of 1 type li 4 types 1 to 6 types 1, $ 
and S-: 4 types 1, $+ and S—: 1 types 1^ to 3- 2.83. P lies between 0.50 and 0.70. 

b X 2 for a ratio of infection types on Buda of 1 type 1 : 14 types 1 to 8- (intermedi- 
ate) : 1 types 1+ to ^ = 0.33. P lies between 0.80 and 0.90. 

cX2 for a ratio of infection types on ALmolinsk of 3 type I t 1 types 8 to 4 -0.056. 
P lies between 0.80 and 0.90. 

^ X 2 for a ratio of infection types fn Bombay of 3 type 0 : 1 types 3 to 4 = 1.39. P 
lies between 0.20 and 0.30. 

to Bnda. On this basis it is assnmed that avirulence is obtained in the segre- 
gates in which the two dominant factors are homozygons and moderate 
virnlence when the 2 recessiYe factors are homozygons and intermediate 
types when either or both pairs of factors are heterozygous. Thus the oh- 


seryed segregating ratio of the 96 F 2 cultures for pathogenicity to Buda 
closely approaches the theoretical 1:14:1, P lying between 0.80 and 0.90. 
Although diyision into the intermediate reaction classes w^as arbitrary, the 
observed ratio of segregates approached that which would be expected if 
ability to cause Buda to have (1) a moderately resistant reaction (R~) was 
conditioned by 3 dominant and 1 recessive factors, (2) a’semiresistant reac- 
tion (SR) by 2 dominant and 2 recessive factors, and (3) a slightly suscep- 
tible reaction (SR-) by 1 dominant and 3 recessive factors, P lying between 
0.50 and 0.70. 

The segregating ratios obtained for pathogenicity to Akmolinsk and Bom- 
bay satisfactorily fit expectation if the virulent infection type is conditioned, 
in each instance, by an independent pair of recessive factors, P for Akmo- 
linsk lying between 0.90 and 0.95, and P for Bombay lying between 0.20 
and 0.30. 

The factors conditioning virulence to Akmolinsk appeared to be linked 
with one of the pairs of factors conditioning avirulence to Buda. To the 25 
P 2 cultures to which Akmolinsk was susceptible, Buda was either resistant, 
moderately resistant, or semiresistant. In table 3 are given the theoretical 
distribution of genotypes and the observed segregation for classes of reaction, 
assuming that single independent pairs of recessive factors condition ability 
to produce the virulent type of pustule on Akmolinsk and Bombay and that 
two pairs of quantitative factors condition the infection type on Buda with 
very close or complete linkage between the factors conditioning virulence to 
Akmolinsk and one of the pairs of factors conditioning avirulence to Buda. 

The infection types of 1 of the 96 F 2 cultures did not conform to the 
assumed complete linkage between a resistant infection type on Buda and a 
susceptible infection type on Akmolinsk. Theoretically, both Buda and 
Akmolinsk should not be resistant to any of the F 2 cultures. Actually, one 
such culture did occur. This may be accounted for by crossing over, by 
mutation, or by failure to express normal infection type because of environ- 
ment. Since Buda was distinctly resistant to this culture in both tests, the 
crossing over or the mutation theories seem more plausible. Ignoring this 
one culture, the P value for observed segregation for pathogenicity accord- 
ing to theoretical genotypes was about 0.50, indicating good agreement of 
the data with the hypothesis. 

The occurrence of intermediate classes of reaction on Buda, together with 
its sensitiveness to changes in environment makes this variety somewhat 
unsatisfactory as a rust differential. The following classes of reaction of 
Buda have served to differentiate physiologic races of the flax-rust organism : 
(1) Resistant (R), including moderately resistant (R-) and highly resistant 
(RtK) ; (2) semiresistant (SR) ; and (3) susceptible (S), including moder- 
ately (S-) and highly susceptible (S-f ). When F 2 cultures to which Buda 
is slightly susceptible (SEr-) are grouped with those to which it is semiresis- 
tant, the actual distribution of physiologic races comprising the 96 F 2 cul- 
tures closely approaches the theoretical, P lying between 0.50 and 0.70. 
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The data in table 3 can be explained on ’a f actorial basis by assuming that 
the haploid pustule of race 6 contributed the quantitative factors AB con- 
ditioning avirxilence to Buda, the recessive factor c conditioning virulence to 
Akmolinsk, and the dominant factor D conditioning avimlence to Bombay 
and the pycniospores from the haploid pustule of race 24 contributed the 
quantitative factors ab, conditioning moderate virulence to Buda, the domi- 
nant factor C conditioning avimlence to Akmolinsk, and the recessive factor 
d conditioning virulence to Bombay, with linkage between the factors Be and 
bC. The 10 physiologic races theoretically possible on the basis of this 
assumption were obtained, of which 6, namely races 33, 34, 35, 36, 37, and 
38, had not been isolated prior to these studies. 

CYTOPLASMIC INHERITANCE 

Some evidence of cytoplasmic inheritance of certain pathogenic charac- 
ters has been reported in crosses between certain races of Pttccinia graminis 
tritioi (13) and P. graminis avenae (10). In those cases certain pathogenic 
characters of the maternal parent, which could not be accounted for on a 
strictly Mendelian basis, were evident in the Fi and subsequent generations. 
In the present studies, in addition to making crosses in both directions, 
pycnial nectar was exchanged between single haploid pustules of the races 
hybridized. Only in the cross between races 9 and 10 was there any indica- 
tion of cytoplasmic inheritance. Buda appeared to be slightly more suscep- 
tible to Fi cultures of 9 x 10 than to those of 10 x 9. 

DISCUSSION 

The development of rust-resistant varieties of flax is complicated by the 
existence of numerous physiologic races of the flax-rust fungus. The 
physiologic races occurring in different regions differ in range of patho- 
genicity. For instance, Punjab was susceptible in Minnesota and North 
Dakota in 1940 but has been immune from rust in Argentina, while Ottawa 
770B is susceptible in Argentina (15) but has been immune in North Amer- 
ica (4). The physiologic races prevalent in a given locality may differ from 
season to season. In 1938 and 1940 Bombay was susceptible to rust at Fargo, 
N. Dak., but in 1939 this variety was immune from the physiologic races 
occurring there. Some of the fundamental problems in the study of a plant 
disease, such as flax rust, are the determination of (1) the range of patho- 
genicity of the causal organism, (2) if and how new strains come into exis- 
tence, (3) the potential range of pathogenicity of these new strains, and 
(4) the interaction between factors for pathogenicity in the pathogen and 
those for resistance in the host. These problems involve genetic studies of 
the pathogen as well as of the host varieties that exhibit a differential re- 
sponse to the physiologic races of the pathogen. The determination of the 
pathogenic capacities of the selfed and hybrid cultures that have been pre- 
sented in this paper is a preliminary step in such a study. 

The determination of the interaction of factors for pathogenicity in the 
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flax-rust fungus and those for resistance in the host is complicated by the 
occurrence of numerous pathogenically distinct physiologic races of the 
former as well as by the existence of numerous strains of the latter possess- 
ing distinct factors for resistance. It is known that a single factor in J.W.S. 
conditions immunity from at least 18 physiologic races of Melampsora Uni 
and that other flax varieties possess several independent factors for immu- 
nity from or resistance to specific physiologic races (5, 11) . At least several 
of the factors for immunity and resistance appear to occur in allelomorphic 
series. Consequently, it has not been possible to obtain a strain of flax 
homozygous for certain combinations of the resistant and immune factors. 
It would be of value to know if parallel conditions exist in the pathogen. 
Is the ability of a virulent race to attack a number of flax varieties, known 
to possess different factors for rust reaction, due to one or to a number of 
factors each of which overcomes a specific ‘^resistance’’ factor in the host? 
If numerous pathogenic factors are involved may not some of them be allelo- 
morphic ! 

The data in the present paper indicate that the range of pathogenicity of 
a physiologic race of Melanspora Uni is determined by pathogenic factors 
specific for each resistance factor possessed by the host. Henry (7) reported 
that in Bombay immunity from North American collections of flax rust was 
conditioned by a single pair of factors. In the present studies, pathogenicity 
to Bombay was conditioned by a single pair of factors with avirulence domi- 
nant. Unpublished data of the writer show that the reaction of Akmolinsk 
to the physiologic races used in these studies is conditioned by a single pair 
of factors. Pathogenicity to Akmolinsk of the selfed and hybrid cultures 
also was conditioned by a single pair of factors, avirulence being dominant, 
independent of the factors for pathogenicity to Bombay. 

Flor (5) found that 2 pairs of factors were involved in conditioning reac- 
tion of Buda to rust. Both pairs were operative as incomplete dominants 
or quantitative factors to races to which Buda was resistant, while only one 
of the factor pairs was operative to race 20, from which Buda was immune. 
Selfing studies of race 20 indicated that it was heterozygous f or pathogenicity 
to Buda and that the virulent type of infection was recessive and conditioned 
by a single pair of factors. To the Fi hybrids between races to which it was 
susceptible and those to which; it was resistant, Buda produced an inter- 
mediate infection type indicative of a lack of dominance of the factors for 
pathogenicity. The segregating ratio of the Fa cultures of such a hybrid 
indicated that 2 pairs of quantitative factors conditioned pathogenicity to 
Buda. 

SUMMARY 

The inheritance of pathogenicity in Melampsora Uni was studied by 
selfing and hybridizing physiologic races. 

Three of the six physiologic races selfed, namely races 10, 22, and 24, 
were apparently homozygous for pathogenicity, the infection types of each 
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self ed culture being identical with those of its parent on the 11 differential 
flax varieties. The three other races, 6, 9, and 20, were heterozygous, some 
selfed cultures of each race differing from the parent in pathogenicity when 
tested on the differential varieties. 

Avirulence was invariably dominant in crosses betw^een physiologic races, 
although, on Buda, dominance was incomplete. Consequently, the Fi hybrid 
resembled the weaker of the two parents in pathogenicity or combined the 
less virulent characteristics of each. The range of pathogenicity of a uredial 
culture does not necessarily indicate its genotype. The Ft uredial cultures 
of a cross between the virulent races 22 and 24 had the pathogenicity of race 
2, a race of relatively restricted pathogenic range. 

The P 2 cultures of a cross between race 6 and race 24 segregated for infec- 
tion types on Buda, Akmolinsk, and Bombay. The segregation for patho- 
genicity of these cultures was explained by assuming that, in thi^^ hybrid, 
2 pairs of quantitative factors conditioned infection type on Buda, that 
single independent pairs of factors, with avirulence dominant, conditioned 
infection types on Akmolinsk and Bombay, and that the pair of factors con- 
ditioning infection type on Akmolinsk was linked with one of the pairs of 
factors for pathogenicity to Buda. The 10 physiologic races theoretically 
possible from the assumption w^ere isolated. Six of these had not been 
described previously. 

The pathogenic characters of physiologic races obtained by selfing and 
hybridizing could be accounted for by Mendelian segregation and recombina- 
tion of pathogenic characters inherent in the parent races. 

Pathogenicity of the selfed and hybrid cultures to Akmolinsk and Bom- 
bay, varieties in which single pairs of factors determine reaction to rust, was 
conditioned by single pairs of independent factors. Pathogenicity to Buda, 
a variety possessing 2 pairs of factors for resistance to race 6, was conditioned 
by 2 pairs of factors in the hybrid between race 6 and race 24. Only 1 of 
the 2 pairs of factors in Buda is effective in conditioning rust reaction to 
race 20, which was heterozygous for pathogenicity to this variety. The 
selfed cultures of race 20 segregated for pathogenicity in a single factorial 
ratio when tested on Buda. These facts suggest that the pathogenic range 
of each physiologic race of the pathogen is conditioned by pairs of factors 
that are specific for each different resistant or immune factor possessed by 
the host variety. 
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STUDIES ON THE PATHOGENICITY OP PUSARIUM SPECIES 
ASSOCIATED WITH BOOT EOT OP WHEAT^ 

C. L. Johnston and F. J. GEEANEy2. 3 
(Accepted for publication December 15, 1941) 

INTRODUCTION 

A root disease of wheat and other cereals caused by Helminthosporium 
sativim P. K. and B. and Ftisarium spp., and usually referred to as common 
root rot, is very prevalent and destructive in the three prairie provinces of 
Canada. Eecently, Simmonds (31) gave a good description of the symp- 
toms of this disease, and called attention to its economic importance in 
Western Canada. 

Although Helminthosporium sativum is by far the most important 
fungus associated with common root rot of small grain crops, particularly 
of wheat and barley, Fusarium culmorum (W. G, Sm.) Sacc., and several 
other species of Fusarium, have been consistently isolated from root-rotted 
specimens of cereals and grasses. For instance, Simmonds (28), Greaney 
and Bailey (14), and Broadfoot (7) report that, in Western Canada, the 
crowns and basal parts of wheat plants are frequently infected with 
Fusarium spp. Bolley (6) and Atanasoif (1) claim that many different 
species of Fusarium cause root rot of wheat and other cereals in the United 
States. Bennett (3, 4) isolated and identified 14 different species of 
Fusarium from British cereals. Eussell (22), in 1930, and Samuel and 
Greaney (24), in 1935, obtained several species of Fusarium from the roots 
and stem bases of wheat plants collected from different fields in England. 
Shen (27) reported that brown foot rot of cereals, caused by Fusarium spp., 
was unusually prevalent in certain districts of England in 1938. According 
to Gordon and Sprague (12) one of the most common genera of fungi associ- 
ated with gramineous root rots in the Northern Great Plains of the United 
States is Fusarium, 

From the studies of Waksman (32), Beckwith (2), Henry (17), Eein- 
king and Manns (20, 21), Sadasivan (23), and others, it would appear that 
fungi belonging to the genus Fusarium are regularly occurring soil inhabi- 
tants. Eecent studies on the microflora of the soil carried out at this Labora- 
tory have shown that these fungi are extremely common in grain soils. 
According to Gordon (11), species of Fusarium accounted for 10.8 per cent 
of 13,800 isolations of fungi obtained from the soil of permanent grain plots 

1 Contribiitioii No. 688, Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. Prom a thesis presented by C. L. Johnston 
to the Committee on Post Graduate Studies, University of Manitoba, in partial fulfilment 
of the requirements for the degree of Master of Science. 

2 Agricultural Assistant and Associate Plant Pathologist, respectively. 

3 The writers wish to thank Dr. P. M, Simmonds and Dr. G. B. Sanford, Dominion 
Laboratories of Plant Pathology, Saskatoon, Sask., and Edmonton, Alta., respectively, 
and Mr. G. Samuel, Plant Pathological Laboratory, Harpenden, Herts., England, for their 
kindness in supplying cultures of Fusanum culmomm, and Dr. W. L. Gordon, Dominion 
Laboratory of Plant Pathology, Winnipeg^ Man., for identifying the species of Fusarium 
used in the investigation. 
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at Winnipeg in 1936. In 1937, they comprised 18.2 per cent of the total 
isolations. Many species, varieties, and forms, belonging to 8 sections of the 
genus Fusarium, were represented. 

Plant disease surveys and field experiments carried out for a number of 
years in Western Canada have indicated that the incidence of Helmintho- 
sporium-Pusarium root rot of wheat varies greatly from year to year. The 
cause of this variation has been attributed to such factors as the occurrence 
of physiologic forms of the pathogens, differences in soil and climatic con- 
ditions, and the association effects of other soil-inhabiting microorganisms. 
Garrett (9) has given an adequate review of the literature on factors affect- 
ing the pathogenicity of cereal root- and foot-rot fungi, and the results of 
earlier studies on this subject in Canada have been summarized by Sim- 
monds (29, 30). 

Many different species of Fusarium usually are associated with seedling 
blight and root rot of wheat. Obviously, therefore, a knowledge of the para- 
sitic capabilities of these different fungi is the essential basis for the develop- 
ment of permanent control measures. Furthermore, for the effective control 
of Fusariiim root rot of wheat and other cereals it is important to have a 
thorough knowledge of the conditions that favor the development of para- 
sitic species of Fusarium in the soil, and infiuence the susceptibility of their 
host plants. 

The objects of the present experiments were (i) to determine the relative 
virulence of different cereal isolates of Fusarium ^ particularly F. culmorum^ 
on wheat, and (ii), to study the influence of soil moisture, soil temperature, 
and of certain common soil-inhabiting fungi on the pathogenicity towards 
wheat in the seedling stage of the 5 species of Fusarium most frequently 
isolated from the roots and crowns of cereal plants and from grain soils in 
Manitoba. 

materials and methods 

A list of the species of Fusarium and isolates of F, culmorum used in the 
investigation is given in table 1, which contains also the origin of the fungi 
and the date of their isolation. 

Greenhouse pot tests were used to study the pathogenicity of the above- 
mentioned fungi to wheat seedlings. Inoculum of each organism was pre- 
pared by growing the fungus in flasks on a mixture of sterilized sand and 
cornmeal (2 per cent) for about 15 days. This sand-cornmeal inoculum was 
then mixed with autoclaved soil, 1 part of inoculum to 30 parts of soil, by 
weight, and the soil mixture placed in four 6-inch flower pots. Before plant- 
ing, the soil in each pot was brought to a uniform moisture content of 50 
per cent of its total water-holding capacity and weighed. This moisture 
content was maintained throughout the period of the experiment by weigh- 
ing the pots at 2-day intervals and adding enough sterile water to bring them, 
back to their original weight. In order to allow the fungus to become well 
established in the soil, 3 days were allowed to elapse between the time of soil 
inoculation and date of planting. 
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Twenty-five seeds of Marquis wheat were planted per pot. Before plant- 
ing, the seed was surface-sterilized and washed in sterile water. It was then 
inoculated with a water suspension of spores of the fungus to be tested. The 
control seed for each experiment was dipped in sterile water. After plant- 
ing, the pots of each experiment were randomized on a large bench in the 
centre of the greenhouse. 

In order to investigate the effect of soil moisture, soil temperature, and 
other soil-inhabiting fungi on the pathogenicity of Fusarium species to wheat 
seedlings, Marquis wheat was inoculated with F, culmorum (W. 6 . Sm.) 


TABLE 1 . — Source of species and isolates of Fusarimn 


Organism 

Isolate 

No. 

Year 

isolated 

Host 

Fusarium redolens 

26 

1935 

Wheat 

oxysponm ... 

73 

1937 

£ £ 

avenaceum ... ‘ 

66 

1936 

£ £ 

equiseti 

94 

1937 

£ £ 



19A 

1930 i 

£ £ 



19B 

i c 

£ £ 



19C 

1 i 1 

Oats 



' ‘ 38 

1932 

Wheat 



39 

C { 

£ £ 



529 

1933 

Brome Grass 



854 

1935 

Barley 



856 

( { \ 

Wheat 



937 

C ( 1 

£ £ 



1040 

i £ 

£ £ 



nil 

£ £ 

£ £ 

Fusarium culmorum ^ 


1119 

1122 

£ £ 

£ £ 

Oats 

Wheat 



1158 

£ £ 

( £ 



1193 

£ £ 

£ £ 



1197 

“ 

£ £ 



1202 

£ £ I 

£ £ 



1263 

£ £ 

£ £ 



1280 

£ £ 

£ £ 



1300 

£ £ 

£ £ 



6 

1936 

£ £ 



10 

£ £ 

£ £ 



15 

£ £ 

£ £ 



285 

£ £ 

£ £ 


Locality 


Morden, Man. 
Winnipeg, Man. 

U (( 

(C ii 

Saskatoon, Bask. 

a tt 

' {( 

Bliodes, Man. 

H (( 

Winnipeg, Man. 
Emerson, Man. 
Bowsman, Man. 
Pilot Mound, Man. 
Brandon, Man. 
Clearwater, Man. 
Melita, Man. 
Beloraine, Man. 
Binscarth, Man. 
Foxwarren, Man. 
Virden, Man. 

Shoal Lake, Man. 
Bowsman, Man. 
Griswold, Man. 
Pipestone, Man, 
Pope, Man. 
Harpenden, Eng. 
New Norway, Alta. 
Saskatoon, Sask. 


Sacc., F, redolens Wr., F. avenaceum (Fr.) Sacc., F, oxysporum v. 
aurantiacum (Lk.) Wr., and F. equiseti (Cda.) Sacc., respectively, in 6-ineh 
pots of soil. The methods used to inoculate the seed and soil were essentially 
similar to those described above. Additional methods, introduced to meet 
the requirements of these specific experiments, will be described in later 
sections of this paper. 

In all greenhouse experiments, germination was usually complete 12 days 
after planting, at which time the number of emerged plants per pot series 
was counted. The seedlings were harvested and the degree of infection on 
each plant was recorded 4 to 5 weeks after planting. The infection classes 
and the disease rating formula used in these stMies were the same as those 
employed by Greaney (15) in previous pot tests with Fusarium culmorum. 
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After the disease data had been recorded, the total green weight per pot 
series was taken. 

In addition to seedling tests, studies were made to determine the relative 
pathogenicity of the above-mentioned species of Fusarium to adult wheat 
plants. The methods used for this purpose were briefly as follows. Surface- 
sterilized seeds of Marquis wheat were sown in sterilized quartz sand. When 
the seedlings were 6 days old they were transplanted from the sterilized sand 
to 6-inch pots of soil containing inoculum of the fungus to be tested. At the 
time of transplanting the entire root system of the young seedlings was 
inoculated by dipping it in a water suspension of spores and mycelial frag- 
ments of the respective fungi. Five inoculated seedlings were then placed 
in each of 5 pots of inoculated soil. Thereafter, the soil of each fungus 
series was inoculated with a spore suspension at regular intervals (10, 20, 
50, and 70 days) during the growing period. The moisture and temperature 
of the soil were maintained at fairly constant levels in all pots throughout 
the experiment. The plants were harvested at hiaturity and the weight of 
plants and yield of grain recorded. The intensity of disease on each plant, 
and on the plants of each fungus series, was recorded according to the 
methods described by Greaney et al. (16). The experiment was run at 2 
different times. 

A fleld experiment was conducted in 1939 to determine the relative viru- 
lence on mature wheat plants of Fusarium redolens, F. avenaceum, F. oxy- 
sporum and F. equiseti^ and 9 selected isolates of F. culmorum. Surface- 
sterilized seed of Eenown wheat was inoculated with spores of the fungus to 
be tested, and planted in plots of artificially infested soil. The complete 
experiment consisted of 4 replicates of 16 plots each. Data on emergence 
were taken 23 days after planting, and notes on the incidence of disease were 
taken just before the plants ripened. One rod row of each plot was har- 
vested for yield data. The methods used to infect the soil and record the 
amount of root-rot infection on individual plants were those employed in 
earlier field studies with cereal root-rot fungi (16). 

The plant emergence, disease, and yield data of each greenhouse and field 
experiment were treated statistically by the analysis of variance method, and 
the significance of the observed differences between organisms and soil treat- 
ments determined. 

EXPERIMENTAL RESULTS 

Pathogenicity of Species and Isolates of Fusarium 

Greenhouse Experiments. The results of greenhouse experiments de- 
signed to determine the relative pathogenicity to wheat seedlings of 24 differ- 
ent isolates of Fusarium culmorum are given in table 2. The data of both 
seedling and adult plant pathogenicity tests with 5 differenf species of 
Fusarium are summarized in table 3. To economize space, the complete 
analyses of variance data for these greenhouse experiments are not given. 
For each experiment, however, the results of the analyses showed highly 
significant differences between organisms for all of the properties measured. 
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It is evident from table 2 that a wide variation exists in tbe ability of 
isolates ot Fusarium culmorum to attack young wheat plants. In view of 
the great susceptibility of wheat seedlings growing in sterilized re-infested 
soil to root-rot fungi, the present test must be considered a severe one 
Nevertheless, even under the most favorable conditions for infection the 
great majority of the 24 isolates tested were either non-pathogenic or only 
weakly pathogenic to Marquis wheat. One isolate of F. oulmorum, No. 38 


TABLE 2 . — The relaPke ‘pathogenicity to Marquis wheat seedlings of different iso- 
lates of Fusariim ciilmoTwm 

(Data are means of 4 trials) 


Isolate of 

Fusarinm culmorum^ 

Percentage 
of plants 
emerged 

Disease 

rating 

Green weiglit 
of plants 
(grams) 

38 

47.0 

64.0 1 

42.6 

937 

59.8 

35.9 

60.9 

1263 

57.2 

35.8 

63.2 

190 

68.5 

34.2 

62.5 

1300 

63.0 

32.2 

68.5 

1202 

66.0 

28.3 

61.0 

10 

61.8 

27.8 

68.5 

1040 

59.2 

25.8 

62.4 

1119 

63.0 

25.1 

67.3 

854 

61.2 

24.6 

66.0 

1280 

63.0 

24.4 

70.0 

6 

64.0 

23.8 

69.0 

15 

67.5 

22.9 

74.6 

1158 

66.2 

22.4 

71.6 

1193 

65.0 

21.1 

66.7 

856 

60.2 

20.6 

67.6 

1111 

67.2 

19.5 

71.2 

1197 

78.5 

17.6 i 

84.0. 

19B 

64.5 

16.8 ! 

73.3 

19A 

75.2 

16.4 

78.0 

1122 

72.2 

16.0 

76.7 

39 

74!o 

11.9 

78.3 

285 

77.0 

10.0 

79.0 

52'9 

70.0 

6.0 

80.3 

Control A 

88.7 

2.8 

91.2 

Control B 

90.6 

3.0 

‘92.1 

Necessary difference, 
5% level 

10.8 

10.1 

13.3 


a Isolates arranged in order of virulence. 


exhibited extreme virulence, while a few others, including Nos. 937, 1263, 
and 19C, were moderately pathogenic. The present results are in agreement 
with those of Sanford and Broadfoot (26), and show that the great majority 
of the isolates of F, culmorum obtained from cereal plants and from grain 
soils are weakly, if at all, pathogenic to young wheat plants. 

In the final analysis of this experiment, disease ratings and total green 
weights for the plants of the individual fungus series were correlated. The 
significance of the coefficient obtained was determined by the method de- 
scribed by Goulden (13). A highly significant correlation coefficient of 
~ 0.9259 was obtained. This result indicated that root-rot infection was very 
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closely associated with plant growth, the higher the degree of infection the 
poorer was the development of the young wheat plants. 

It is evident from table 3 that, of the 5 species of Fusarium tested, only 
F. culmorum (Isolate No. 38) was markedly pathogenic to Marquis wheat 
in both the seedling and post-seedling stages of plant growth. F. avenaceum 
and F. equiseti were nonpathogenie, or only very weakly pathogenic, to 


TABLE 3. — The relative pathogenicity to seedling and adult Marquis wheat plants 

of diff erent species of Fusarium 

(Data are means of 2 trials) 


Organism 

Seedling test 

Adult plant test 

Plant 

emergence 

Disease 

rating 

Green 
^ weight 

Disease 

rating 

Green 

weight 

Grain 

yield 


Fer cent 


Grams 


Grams 

Grams 

F. culmorum 

40.1 

88.0 

9.7 

59.0 

88.4 

11.1 

F, avenaceum 

79.6 

9.5 

62.8 

32.4 

113.2 

15.0 

F, equiseti 

78.0 

6.5 

63.9 

26.8 

124.4 

16.7 

F, oxysporum 

81.6 

5.2 

64.8 

18.8 

119.8 

18.7 

F. redolens 

82.3 

4.6 

63.8 

15.6 

125.6 

19.2 

Control 

82.2 

4.8 

65.2 

13.6 

126.1 

22.3 

Necessary differ- 







ence, 5% level 

9.9 

12.9 

10.1 

11.2 

12.6- 

6.1 


wheat seedlings, but attacked plants in the post-seedling stage of growth to 
a moderate degree. On the other hand, F. oxysponim and F. redolens were 
nonpathogenie to both seedling and post-seedling Marqnis wheat plants. In 
both experiments, the intensity of root infection was negatively associated 
with plant growth and yield. 

Field Experiment, A field experiment was made in 1938 to determine 
the relative pathogenic capabilities of Fusarium avenaceum^ F. equiseti, F. 
oxysporum, F, redolens, and 9 isolates of F, ciclmorum to adult wheat plants. 
The isolates of F. culmorum used gave, when tested nnder greenhouse con- 
ditions, a wide range in degrees of virulence on wheat seedlings (Table 2). 
For the field tests, different seed lots of wheat were inoculated with the 
respective isolates and fungi by the spore-suspension method. Immediately 
after inoculation the seed was planted in plots of artificially infested soil. 

The analyses of variance for the plant emergence, disease, and yield data 


TABLE 4. — Analysis of variance for plant emergence, disease rating and yield, 
{Winnipeg Field Experiment, 193S) 



Degrees 

Mean square 

variance 

of 

freedom 

Plant 

emergence 

Disease 

rating 

Yield 

Eeplicates 

3 

535.19a 

149.24a 

146.44a 

Organisms 

15 

983.26a 

54.96»> 

108.91a 

Error 

45 

38.28 

25.44 

20.45 


a Exceeds mean square error, 1% level of significance, 
b Exceeds mean square error, 5% level of significance. 
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of the experiment are given in table 4. It is evident from this table that 
highly significant differenees between organisms were obtained for all 
properties measured. 

TABLE 5. — Melative pathogenicity of five species of Fusarium, and of several iso- 
lates of Fusarium culmorum to Benown wheat under field conditions in 1938 

(Bata are means of 4 plots) 




Organism 


F. equiseti 

F. avenaceum 

F.. redolens 

F. oxysporum 


F. culmortm . 


Control — 

Control — B 

Necessary difference, 
5% level 


Isolate 

No. 

Percentage 
of plants 
emerged 

Disease 

rating 

Yield 
per acre 
( bushels) 

94 

62.4 

39.0 

32.7 

66 

52.2 

38.6 

35.0 

26 

64.7 

36.9 

34.6 

73 

61.3 

36.7 

36.3 

937 

37.5 

. 43.4 

28.4 

19A 

28.6 

43.2 

27.4 

529 

30.8 

41.4 

24.2 

1263 

28.8 

41.1 

22.4 

38 

39.3 

41.0 

25.0 

285 

34.1 

40.3 

26.3 

lOE 

35.3 

39.2 

26.5 

19B 

53.1 

38.0 

26.3 

15 

49.8 

36.9 

24.3 

190 

48.2 

34.6 

34.1 


66.6 

31.0 

36.9 


67.1 

30.9 

38.1 


9.3 

7.6 

6.8 


In table 5 are given field-plot data for the different organisms. It is 
evident that, of the species tested, Fusarium avenaceum and F, equiseti were 
only slightly pathogenic to adult plants of Renown wheat, while the amount 
of infection on plants inoculated with F. redolens and F. oxysporum was not 
significantly different from that on the uninoculated control plants. The 
field results with F, avenaceum^ F, equiset% F. redolens and F. oxysporum 
were in accordance with the greenhouse results with these fungi (Table 3). 
On the other hand, the field results with different isolates of F. culmorum 
were not in agreement with the earlier greenhouse tests (Table 2). For 
instance, some of the isolates that proved to be distinctly pathogenic to post- 
seedling plants in the field w^ere only weak parasites on wheat seedlings 
under greenhouse conditions, while others that showed a very low degree of 
virulence on adult plants in the field were strongly pathogenic to young 
wheat plants in the greenhouse tests. Further studies are required to 
determine the nature and cause of the variability observed in the parasitic 
behavior of different isolates of this important cereal root-infecting fungus. 

Influence of Soil Moisture and Temperature on the Pathogenicity of 
Fusarium Species 

Greenhouse pot experiments were conducted to determine the effect of 
soil moisture and soil temperature on the pathogenicity of Fusarium cul- 
morum (Isolate 38), F. equiseU^ F. avenaceum^ F. redolens ^ and F. oxy- 
sporum. 
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Soil Moisture, Two experiments were made to determine the influence 
of moisture on pathogenicity. At the commencement of each experiment 
the soil in one half of the pots of each fungus series was adjusted to 60 per 
cent of its moisture-holding capacity (high moisture series), while the soil 
in the remainder of the pots was adjusted to a moisture-holding capacity of 
40 per cent (low moisture series). High and low soil moisture pots of each 
fungus series were placed in each of 4 thermostatically controlled tempera- 
ture tanks maintained at 10, 15, 20, and 25 degrees C., respectively. The 
respective soil moistures were maintained throughout the experiment. 

The results of both soil-moisture experiments are summarized in table 
6. To economize space, the complete analyses of variance for plant emer- 
gence, disease rating, and green weight of plants are not given. For each 
experiment, however, the results of these analyses showed that there were 
no moisture effects. The interactions of moistures and temperatures, and 
moistures and organisms, were also insignificant. On the other hand, sig- 
nificant differences between organisms were shown for all properties studied. 
In both experiments, temperature effects were significant for disease rating 
and green weight, but not for plant emergence. 


TABLE 6. — The influence of soil moisture on the pathogenicity of species of 
Fusarium to Marquis wheat seedlings (Fata are means of four different temperatures — 
10 j 15, 20, 25° C,, and of 2 trials) 


Experiment 

Organism 

Percentage of 
plants emerged 

Disease 

rating 

Green weight of 
plants (grams) 

Moisture content of soiP 

High 

Low 

High 

Low 

High 

Low 


F. culmorum 

37 

40 

85.7 

88.1 

' . 6.7 

8.8 


F. equiseti 

47 

48 

3.8 

5.8 

50.8 

52.4 

I 

F. avenaceum 

48 

48 

9.0 

9.3 

49.8 

54.0 


Control 

50 

52 

4.3 

4.8 

50.1 

50.1 


Mean 

45.5 

47.0 

25.7 

25.8 

39.4 

41.3 


F. culmorum 

34 

30 

81.4 

88.4 

3.8 

2.8 


F. reddens 

54 

54 

13.6 

6.6 

27.8 

29.0 

II 

F. ocoysporum 

51 

51 

12.4 

7.5 

27.3 

28.3 


Control 

53 

52 

9.4 

■ 6,2 

27.9 

29.2 


Mean 

48.0 

46.8 

29.2 

27.2 

22.0 

22.3 


a Differences between soil-moisture contents insignificant statistically. 


The evidence presented in table 6 shows that soil moisture did not sig- 
nificantly increase or decrease the virulence of any of the species of Fu- 
sarium studied. In experiments I and II, however, there was a general 
tendency for low soil moisture to increase the virulence of these fungi. The 
results in table 6 show that F, culmorum (Isolate 38) was exceedingly 
pathogenic to Marquis wheat seedlings at both the low and high soil-moisture 
contents. 

Soil Temperature. To ascertain the influence of temperature on the 
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pathogenicity of different species of Fusarkim, 2 experiments, each consist- 
ing of 3 organisms and a control, were carried ont. The fungus F, cuh 
monm was included in both experiments, and each experiment was run at 
4 different times. The soil for each fungus series was inoculated in the 
usual manner and placed in sixteen 6-inch pots.' Four pots of this soil were 
planted with 120 inoculated seeds of Marquis wheat and placed in each of 
4 temperature tanks maintained at 10, 15, 20, and 25 degrees C., respectively. 

The disease rating and green-weight data of the soil-temperature experi- 
ments are given in tables 7 and 8. These tables also give the temperature 
data recorded for the low-moisture series of the above-mentioned soil mois- 
ture experiments. 

TABLE 7. — The influence of temperature on the pathogenicity of different species 
of Fusarkm to Marquis wheat seedlings. Mesiilts of Soil Temperature Experiments I 
and II, and Soil Moisture Experiments I and 11 

Degree of Seedling Infection (Disease Eating) 





Temperature ° 0. 


Necessary 

Experiment 

Organism 





difference 

10° 

15° 

20° 

25° 

between 

temperatnresa 




F. culmorum 

72.5 

87.4 

88.0 

89.2 



F. equiseti 

2.4 

4.6 

7.8 

4.1 

6.8 

Temperature Ib 

F. axenaceum 

5.1 

7.8 

9.5 

14.3 


Control 

2.8 

4.1 

4.8 

7.4 



Mean 

20.7 

26.0 

27.2 

29.2 

3.4 


F. culmorum 

78.9 

88.4 

83.8 

84.3 



F. redolens 

1.4 

9.3 

11.2 

16.4 

9.9 

Temperature ID 

F. oxysporum 

1.5 

7.4 

14.1 

16.0 


Control 

1.3 

6.9 

11.8 

12.1 



Mean 

j 20.8 

28.0 

30.2 

32.2 

5.0 


F. culmorum 

66.2 

87.5 ^ 

89.4 

90.2 



F. equiseti 

2.2 

4.2 

8.1 

8.5 

6.6 

Moisture D 

F. avenaceum 

2.9 

7.0 

10.0 

17.4 


Control 

2.2 

3.6 

5.1 

8.2 



Mean 

18.4 

25.6 

28.2 

31.1 

3.3 


F. culmorum 

86.4 

88.8 

92.4 

86.0 



F. redolens 

1.2 

5.2 

6.7 

13.2 

11.7 

Moisture ID 

F. oxysporum 

1.4 

4.4 

11.6 

12.5 


Control 

0.8 

6.2 

7.3 

10,6 



Mean 

22.2 

26.2 

29.5 

30.6 

5.8 


^ Necessary difference, 5% level of significance, between organisms: Temperature Ex- 
periment 1 = 6.8; Temperature Experiment 11 = 9.9; Moisture Experiment 1 = 6.6; Mois- 
ture Experiment II = 11.7. 
a 5% level of significance, 
b Data are means of 4 trials. 

c Data are means of low soil moisture series, and of 2 trials. 

The analysis of variance results of the data of each temperature and 
moisture experiment established that the effects of temperature on the patho- 
genicity of the species of Fusarium tested were very great. Although tem- 
perature did not influence significantly the percentage of plants that 
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emerged from the soil, it had a very significant effect on the incidence of 
disease, as represented by the disease rating, and on the resulting green 
weight of the plants. In these experiments, as in previous pathogenicity 
tests, highly significant differences in the percentage of plants emerged, 
amount of disease, and total green weight of plants were observed between 
the species of Fusarium tested. There were no interactions between tem- 
peratures and organisms in any of the experiments. 

TABLE 8 , — The influence of temperature on the pathogenicity of different species 
of Fusarium to Marquis wheat seedlings. Mesults of Soil Temperature Experiments I 
and II, and Soil Moisture Experiments I and II 

Green Weiglit of Plants (Grams) 


Experiment 


Temperature ° C. 

Necessary 

difference 

Organism 

10 ° 

15° 

20 ° 

25° 

between 

temperatures® 


F. culmorum 

6.1 

7.1 

9.7 

8.1 



F. equiseii 

29.0 

51.6 

63.9 

62.0 

18 6 

Temperature P 

F. avenaceum 

29.6 

55.4 

62.8 

59.8 



Control 

30.5 

50.1 

65.2 

59.6 



Mean 

23.8 

40.1 

50.4 

47.4 

9.3 


F. culmsrum 

4.6 

2.6 

4.4 

3.6 



F. redolens 

1 22.6 

: 34.5 

31.3 

25.1 


Temperature Ilb 

F. oxysporum 

20.7 

33.2 

32.4 

.24.9 



Control 

23.1 

32.7 

32.8 

25.7 



Mean 

17.8 

25.8 ' 

25.2 

19.8 

4.3 


F. culmorum 

9.5 i 

9.3 

9.1 

7.4 



F. equiseti 

32.4 

54.2 

65.1 

57.8 

21.6 

Moisture I^ 

F. avenaceum 

34.0 

60.0 

66.6 

55.4 



Control 

33.8 

53.6 

67.0 

56.1 



Mean 

■ 27.4 

44.3 

52.0 

44.2 

10.8 


F. culmorum 

4.1 

2.3 

1.8 

3.1 



F. redolens 

22.5 

35.2 

36.3 

21.9 

Q O 

Moisture IP 

F. oxysporum 

21.1 

35,2 

35.0 

22.0 



Control 

23.3 

33.5 

36.0 

24.2 



Mean 

17.8 

26.6 

27.3 

17.8 

4.6 


ISTeeessary difference, 5% level of significance, between organisms: Temperature Ex- 
periment 1 = 18.6; Temperature Experiment 11 = 8.6,* Moisture Experiment 1 = 21,6; 
Moisture Experiment II = 9,2. 
a 5% level of significance, 
b Data are means of 4 trials. 

c Data are means of low soil moisture series, and of 2 trials. 

From table 7 it is evident that temperature had a very marked effect on 
the virulence of the species of Fusarium studied. The mean-temperature 
figures for organisms indicate that, in all experiments, the greatest amount 
of injury to Marquis wheat seedlings occurred at the higher temperatures, 
that is, at 20^ and 25° C. On the other hand, plant growth was consider- 
ably more vigorous at 20° C. than at 25° C. (Table 8), Thus, it may well 
be that the effect of temperature on the host is more important than its effect 
on the fungus. The extensive investigations of Dickson (8), McKinney 
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(19), and others, have indicated that young wheat plants are blighted most 
severely by root-rotting fnngi at temperatures that serve to predispose the 
plants to disease, that is, relatively high temperatures for wheat. The evi- 
dence presented in tables 7 and 8 substantiates the conclusions of Dickson 
and McKinney, and indicates that temperature is an exceedingly important 
factor influencing the occurrence of seedling blight and root rot of wheat 
caused by Fusarkm species. 

Influence of Other Soil-Inhabiting Fungi on the Pathogenicity of Pusarium 

Species 

Two greenhouse pot experiments w^ere made to determine the effects of 
the association of certain common soil-inhabiting fungi on the pathogenicity 
of Fusarmm redolens, a very weak pathogen, and on a virulent isolate (No. 
38) of F, culmorum (Table 3). In these experiments, wherever association 
effects were studied, the total quantity of inoculum incorporated into the 
soil was double the amount used where the fungus was tested singly. The 
common soil-inhabiting fungi employed were Pyronema eonfluens (Per.) 
TuL, Trichoderma lignorum (Tode) Harz, Aspergillus flavipes (B. and S.) 
Thom, and Church, and Penicillium intricatum Thom. These fungi were 
originally isolated from the soil of permanent grain plots at Winnipeg, Man. 
In experiment I, P. conflue-ns and T. lignorum were tested against F. cul- 
morunij while A, flavipes and P. intricatum were tested against P. culmorum 
and F. redolens in experiment 11. 

In experiments I and II, 4 pots of each fungus, or combination of fungi, 
were prepared, planted, and placed in temperature tanks maintained at 
and 20° C. The soil-moisture content of each pot was held at 50 per cent of 
the total water-holding capacity of the soil throughout the experiment. The 
plants were harvested at 28 days, and the disease and yield data recorded in 
the usual way. An adequate number of control pots were included in each 
experiment, and both experiments were repeated 4 times. 

The analyses of variance results of both experiments showed that a high 
degree of significance could be attached to the differences observed in per- 
centage of plants emerged, amount of disease, and yield, between the vari- 
ous organisms and combinations of organisms studied in each experiment. 
As might be expected from the results of the temperature experiments de- 
scribed in the preceding section, significant temperature effects were shown 
for both disease rating and green weight of the plants, but not for plant 
emergence. 

The summarized results in table 9 show the marked virulence of Fu- 
sarium culmorum (Isolate 38), and the weak parasitic action of F, redolens^ 
on wheat seedlings. The important point in these experiments is the fact 
that the presence of the fungi Pyronema eonfluens and Trichoderma lig- 
norum in soil, suppressed, to an appreciable degree, particularly at 10° C., 
the virulence of F. culmorum. On the other hand, the presence of Penicil- 
lium intricatum and Aspergillus flavipes in the soil had no influence on the 
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pathogenicity of F. culmorum. The pathogenicity of F. redolens was not 
influenced by the presence of P. intricatum and A. flavipes in the soil. 

The results of Experiments I and II indicate the marked effect tempera- 
ture has on the pathogenicity of species of Fusarium. In both experiments, 
F. culmorum, whether alone or in association with other soil-inhabiting 
fungi, was much more virulent at 20° C. than at 10° C. 


TABLE 9 . — The effect of certain common soil-inhihiting fungi on the pathogenicity 
of Fusarium culmorum and Fusarium redolens to Marquis wheat seedlings 

(Bata are means of 4 trials) 


Organisms added 
to soil 

Percentage 
of plants 
emerged 

Disease 

rating 

G-reen weight 
of plants 
(grams) 

10° 

20° 

10° 

20° 

10° 

20° 

Experiment I 

Fusarium culmorum 

Fyronema confluens 

Trichoderma lignorum 

F culmorum + P. confluens 

17 

48 

48 

28 

25 

48 

49 

9.6 

37.6 

16 

50 

48 

21 

23 

48 

48 

9.6 

36.3 

86.1 

3.4 
2.8 

73.6 

77.7 

2.4 
1.9 
8.0 

35.4 

91.3 

2.9 

3.3 
84.1 

87.0 

2.4 
2.2 
8.0 

39.0 

1.6 

28.5 

25.6 

3.2 

3.3 

27.7 
26.2 
12.6 

16.6 

4,4 

73.6 

81.1 

6.0 

2.3 

66.5 

88.5 

12.6 

46.1 

F eulm,orum + T. lignorum 

P. Gonfluens -h P. lignorum 

Control 

Necessary difference, 5% level 

Temperature mean 

Necessary difference, 5% level, be- 
tween temperature means 

1 

a 

3.0 

4.8 

Experiment 11 

Fusarium culmorum 

Fusarium redolens 

Aspergillus fiavipes 

PenicilUum intricatum 

F. culmorum A. fiavipes 

P. culmorum + P. intricatum 

P. redolens A. fiavipes 

P. redolens + P. intricatum 

Control 

Necessary difference, 5% level 

Temperature mean 

28 

51 

51 

46 

24 

28 

50 

52 

51 
12.8 

42.3 

19 

49 

52 

50 

20 

19 

50 

49 

50 
12.8 

39.8 

1 

59.1 
1.2 
1.6 
1.0 

61.2 
61.0 

0.6 

0.7 

0.9 

9.8 

20.8 

88.3 

2.6 

2.5 

3.3 
86.0 
89.6 

1.9 

2.3 
1.9 
9.8 

30.9 

j 

4.7 

15.5 
14.4 

13.6 

3.7 
4.2 

13.2 

14.0 

14.4 

9.5 

10.8 

2.8 

34.6 

36.0 

37.1 

3.5 
3.0 

36.5 

36.2 

34.2 

9.5 

24.8 

Necessary difference, 5% level, be- 
tween temperature means 

a 

3.3 

3.2 


a Difference insignificant statistically. 


In general, the data presented in table 9 emphasize the importance of the 
reaction of one fungus upon another in the soil, and confirm the experiments 
of Henry (18), Sanford and Broadfoot (25), Garrett (10), Bisby, James, 
and Timonin (5), and others, who found that infection of wheat seedlings by 
cereal root-rotting fungi was suppressed by the antagonistic effect of certain 
other soil fungi and bacteria. 

DISCUSSION 

In this paper additional eyidence is provided to support the view that 
certain common soil-inhabiting fungi have a marked influence on the de- 
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velopment of cereal root-rot fungi. It was found that infection of wheat 
seedlings with a virulent isolate of Fusarium oulmonm alone, or in associa- 
tion with certain other common soil-inhabiting fungi, increased with a rise 
in temperature from 10^ to 20° 0. However, the conclusions of Garrett (9) 
and others suggest that the results observed in the present association studies 
represent not the true effect of temperature upon infection with F. cul- 
mortm^ but a combination of this with the action of temperature upon bio- 
logical antagonism of the soil microflora. In the present studies the an- 
tagonism of Pyronema confluens and Trichoderma lignorum to F, culmorum 
was greater at 10° than at 20° 0. The work of Garrett (9), however, has 
shown that the antagonism of other soil bacteria and fungi to certain root- 
rot fungi of cereals increases with a rise in temperature to 30° C. In view 
of these conflicting results it is apparent that more detailed experiments are 
needed to determine the true effect of soil temperature upon the antagonism 
of other soil fungi to the root-rot fungi of cereals. 

The present studies have demonstrated that the seedling stage in wheat 
is a very critical one from the standpoint of root rot caused by species of 
Fusarium. The primary roots of young wheat plants appear to be very 
susceptible to invasion and injury by virulent strains of these fungi. These 
experiments have further shown that the onset and progress of the Fusarium 
disease is greatly enhanced by weakened plant growth. Thus, the data pro- 
vided by the investigation are considered sufficient to justify the conclusion 
that any farm practice that will stimulate early, rapid, and vigorous plant 
growth will be an effective means of reducing the losses due to seedling 
blight and root rot of wheat caused by species of Fusarium. 

SUMMARY 

Greenhouse experiments were made to determine the pathogenicity to 
wheat of 24 isolates of Fusarium culmorum (W. G. Sm.) Sace., and of 4 
other species of Fusarium, namely, F. redolens Wr., F. oxysporum Schl. v, 
aurantiacum (Lk) Wr., F. avenaceum (Fr.) Sacc. and F. equiseti (Cda.) 
Sacc. The species of Fusarium studied were those most commonly isolated 
from root-rotted specimens of wheat, and from grain soils collected in Mani- 
toba. Of the isolates of F. culmorum tested only one was distinctly patho- 
genic to both seedling and adult wheat plants. Under greenhouse condi- 
tions, no marked pathogenicity was exhibited by the isolates of F. redolens, 
F. oxysporum, F. avenaceum and F. equiseti studied. Field tests with these 
fungi gave essentially similar results. 

The influence of soil moisture and soil temperature on the virulence of 
different species of Fusarium on wheat seedlings was studied by means of 
greenhouse pot tests. The moisture content of the soil did not influence 
significantly the virulence of ihc Fusarium species tested. .On the other 
hand, intensity of infection with these fungi increased with an increase in 
soil temperature. The isolate of F. culmorum studied was distinctly patho- 
genic at 10, 15, 20, and 25° C. Fusarium avenaceum paih.og^mc, but 
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weakly so, only at 25° C., while F, redolens, F, oxyspomm and F. equiseii 
were not pathogenic at any of the temperatures employed. 

In greenhouse pot tests, Trichoderma Ugnorum Tode (Harz.) and P^ro- 
nema conflitens (Pers.) TnL, t^vo common soil inhahitants, suppressed, to an 
appreciable degree, the pathogenicity of a virulent isolate of F. culmorum^ 
while Femcillium intricatum Thom, and Aspergillus flavipes (B. and S.) 
Thom and Church, did not. The virulence of F. redolens was not influenced 
by the presence of P. intricatum and A, flavipes in the soil. 

Dominion Laboratory of Plant Pathology, 

Winnipeg, Manitoba. 
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CROSS INOCULATIONS WITH ISOLATES OF FUSARIA PROM 
COTTON, TOBACCO, AND CERTAIN OTHER PLANTS 
SUBJECT TO WILT^ 


G. M. Armstrong, B. S. Hawkins, and C. 0. Bennett 
(Accepted for publication January 10, 1942) 

INTRODUCTION 

Burley tobacco, NicoUana talacum L., was grown for tbe first time in 
1938 in several counties of tbe Piedmont section of South Carolina, and wilt- 
ing occurred in several fields. Tissue cultures of affected plants invariably 
gave a species of Fusarium. Since there was no previous record that tobacco 
had been grown in these fields and, since cotton, Gossypium hirsutum L., was 
known to wilt in most of them, cross-inoculation experiments were under- 
taken with the Fusaria from these hosts. 

Wilt of coffeeweed or wild senna {Cassia tora L.^) was noted in an ex- 
perimental cotton wilt plot at Allendale, South Carolina, in 1937 and similar 
plants were later found at 2 other locations in the State. Isolations from 
plants collected at all these locations yielded Fusaria similar in cultural 
appearances. These observations suggested that the cotton wilt Fusarium, 
besides existing as a saprophyte in the soil, might attack weeds and thus be 
perpetuated in a living host other than cotton. Therefore, cross inoculations 
with these Fusaria were made. 

Several strains of wilt-resistant cowpeas, Vigna sinensis EndL, were 
grown on a plot known to be heavily infested with the cotton- wilt organism, 
but the presence of the cowpea-wilt organism in this soil had not been estab- 
lished. The nonresistant cowpeas used as checks were severely damaged by 
wilt, consequently cross inoculations of cotton and cowpeas with the fu- 
sarium- wilt organisms from these hosts were included in the present studies. 

Several early publications refer to Fusarium vasinfectum Atk. as the 
cause of wilt of okra, Hibiscus esculentus L., without presenting adequate 
experimental evidence to support these statements.® Hence, okra and its 
fusarium isolate were also used in these experiments. Since wilts of tomato 
and watermelon are generally distributed throughout the State, tomato 
{Ly coper sicon esculentum Mill.) and watermelon (Citrullus vulgaris 
Schrad.) and their fusarium isolates were included in the experiments after 
it had been discovered that the cotton- wilt fungus causes wilt in several other 
plants. 

Contribution of the Department of Botany and Bacteriology in cooperation with the 
Division of Cotton and Other Fiber Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agriculture. Technical contribution No. 86, South Carolina Agricultural 
Experiment Station. 

2 ^09-^ (L.) Britton and Rose, according to Small. 

3 After this paper was submitted for publication, it was discovered that Taubenhaus 
had performed cross inoculations with wilt Fusaria from cotton, okra, cowpeas, water- 
melon, tomato, cabbage, squash, and sweetpea. Taubenhaus, J. J. Wilts of watermelon, 
and related crops. Tex. Agr. Exp. Stat. Bull. 260, 50 pp. 1920. 
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METHODS AND MATERIALS 

The solution-eulture infeetion technique (3) employed in other studies 
of cotton wilt was used chiefly in these studies. As a cheek on the solution- 
culture method, tobacco and cotton also were grown in pots of soil, each 
inoculated with a wheat-oats mixture of the fungal isolates from one of the 
several hosts. The procedure was the same as that described in other experi- 
ments by the senior writer and associates (2). The isolate of the fungus 
from cotton had been used in other tests and was known to be strongly patho- 
genic. In addition to the fusarium culture isolated from tobacco in South 
Carolina, 1 from Kentucky^ and 3 from Maryland'"' also were used in the 
experiments. A susceptible and a resistant variety of Burley tobacco, Bur- 
ley 5 and Burley 31, respectively, and the Gold Dollar variety of flue-cured 
tobacco were grown, but only the susceptible Farm Belief 2 variety of cotton 
was used. All flue-cured varieties of tobacco grown in South Carolina are 
apparently highly resistant to the fusarium- wilt organism in the soils of the 
State, since the disease is seldom seen in the fields. The cultures of the 
Cassia-, cowpea-, okra-, and watermelon-wilt organisms were obtained in 
South Carolina. 

For the solution-culture method, all seed, except that of tobacco, was 
placed directly in the excelsior seed bed of the trays, as previously described 
(3) . This procedure was impossible with the small seed of tobacco, so these 
were planted in flats of steamed soil. When the seedlings were 4 to 6 inches 
tall they were transferred to both soil and solution cultures. For inocula- 
tions of tobacco in soil, 2 plants were grown in each 2-gal. glazed pot, the 
transplanting being done 24 days after the wheat-oats inoculum was mixed 
with the soil. 

Plants were removed from trays or pots as wilting occurred. Approxi- 
mately an inch section was cut from the base of each stem, sterilized in a 3 
per cent solution of sodium hypochlorite® for 5 minutes, and plated on 2 per 
cent potato dextrose agar. At the end of an experiment all Remaining plants 
were treated similarly. 

EXPERIMENTAL RESULTS 

Cross Inoculations of Cotton and Cassia tora 

The first seed of Cassia was collected early in the f all from plants showing 
symptoms of wilt injury; but the fact that these had survived to seed pro- 
duction indicated a resistance to the wilt fungus. The second lot of seed 
was gathered late in the fall probably after the seed from wilt-injured plants 
had been shed, and at a time when only the vigorous, resistant, and later- 
maturing plants were available. The very low percentages of infection from 
plants of the second lot (Table 7) indicate that these were characterized by 
very high wilt resistance. Observations in the field also support the idea 
that most plants are very resistant, since only a small percentage of stems 

4 Cultures supplied }3y W. D. Yalleau. 

5 Cultures supplied by E. A. Walker. 

6 The cemmereial product, BK, was used. 
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showed internal blackening at the base. Thus in heavily inf ested soil it may 
be that natural selection has eliminated the susceptible plants. A year later 
a third collection of seed was made earlier in the season from plants showing 
very definite external symptoms of wilt, and the plants produced from this 
seed were the most wilt-snsceptible of the 3 lots (Table 1, exp. 3). 

TABLE 1 . — Inoculations of Cassia tora and cotton in solution cultures with each of 3 
Fusaria 


Inoculated with 

No. plants 

Per cent plants with 
symptoms of wilt 

Recovery 
of fungus, 



External | 

Internal 

per cent 

Cassia tora 




Cassia fungus (exp. 1) 

169 

20.7 

33.7 

30.8 

S. C. cotton fungus (exp, 1) 

175 

3.4 

6.8 

17.1 

S. C. tobacco fungus (exp. 1) 

166 

6.0 

12.6 

24.7 

S. C. tobacco fungus (exp. 3) 

88 

42.0 

42.0 

22.7 

Uninoculated check (exp. 1) 

96 

0.0 

7.3 

9.4 

Uninoculated check (exp. 3) 

91 

0.0 

0.0 

2.2 


Cotton, Earm Belief 2 


Cassia fungus (exp. 1) 

137 

27.0 

24.1 

31.4 

Cassia fungus (exp. 3) 

78 

98.7 

98.7 

82.0 

S. C. cotton fungus (exp. 1) 

150 

88.0 

86.7 

82.0 

S. C. tobacco fuiTgus (exp. 1) 

142 

92.2 

91.5 

88.0 

Uninoculated check (exp. 1) 

64 

6.2 

10.9 

17.2 

Uninoculated cheek (exp. 3) 

80 

0.0 

0.0 

1.2 


That Cassia tora is subject to infection by a species of Fusarium ob- 
tained from this host seems evident from the results reported in table 1, exp. 
1. The percentages of infection, whether based on external symptoms, inter- 
nal symptoms, or isolations of a Fusarium, are not high but are in the ex- 
pected range for a resistant variety. Such low percentages of infection 
were obtained in the second experiment (Table 7) that very definite state- 
ments are not warranted from these results. As indicated above, however, 
the seed for this experiment probably was collected from highly resistant 
plants. There was slight internal blackening of a few plants and fusaria 
were obtained similar in appearance to the original cultures. 

The results presented in table 1 indicate that Cassia tora is also subject 
to infection by the wilt fungi from, cotton and tobacco. Since the per- 
centages of infection were low in the first 2 tests, a third collection of Cassia 
seed was made. It will be seen in table 1, exp, 3, that 42 per cent of the 
plants inoculated with the South Carolina tobacco fungus showed external 
symptoms of wilt. The plants from which this collection of Cassia seed was 
made produced seed less abundantly than nearby healthy plants, but the 
fact that the diseased plants survived would place them in a class resistant 
to wilt. 

It should be noted that if infection experiments on Cassia with the fungi 
from cotton and Cassia had been confined to the plants derived from the 
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second seed lot, the conclusion would haye been that this weed is probably 
not a host for the cotton-wilt fungus (Table 7). On the other hand, the 
results obtained with the third collection of seed (Table 1, exp. 3) would 
indicate that this weed is more highly susceptible to wilt caused by the Fu- 
sarium species common to it and cotton and tobacco in South Carolina than 
field observations show. 

Attention is called to the infection that occurred in the cheek trays of 
Cassia and cotton (Table 1). Elliott (8), Taubenhaus and Ezekiel (17), 
Crawford (7), and Kulkarni (12) have .stated that some of the seed from 
cotton plants infected with the fusarium-wilt organism may carry the fungus 
internally. Nothing is known about the presence of the fungus internally 
in Cassia tora, but this is a possibility, sipce the seed used in the first and 
third experiments (Table 1) came from wilting plants. However, not all 
the infection in the checks of the first experiments may have come from this 
source, since experience with the solution-culture method has indicated that 
accidental infections can be avoided only by meticulous care in every detail 
of handling the cultures. It is bflieved that the weekly changing of the 
solution in which the trays were lifted from the bench and the solution 
emptied into a sink was the chief cause of trouble. Fewer infections oc- 
curred in the checks when the technique was gradually improved, so that 
trays were not handled, the solution was drained through sterilized syphons, 
new solution was added through sterilized glass tubes, and sterilized rubber 
gloves were worn and changed after handling the cultures inoculated with 
any single isolate. 

Experience gained in culturing many thousands of plants indicated that 
a Pusarium could not always be recovered from a darkened stem, but one 
might be obtained from a fairly high percentage of plants of resistant vari- 
eties that show neither external nor internal symptoms of wilt. In many of 
the severe cases of wilting, the plants were all but dead before they were 
removed and cultured. In such cases fast-growing contaminating organisms 
made the recovery of the Pusarium difficult. 

It is recognized, also, that obtaining a Pusarium from a stalk is no abso- 
lute assurance that the wilt fungus has been recovered, even though the iso- 
late be similar in appearance to the parent culture. Tests would be neces- 
sary to prove its pathogenicity, but the great amount of labor and equipment 
involved make this procedure impracticable. However, those tests that have 
been made with a limited number of isolations indicated that the error from 
this source was small. Fusarium moniliforme frequently is encountered if 
a dozen or more stalks are being cultured ; but its growth characteristics are 
distinct from the wilt-producing forms, thus usually making unnecessary 
any microscopic examinations to distinguish this organism. In one check 
solution culture, 36 per cent of the stalks gave F. momliformey but there was 
no wilt, and the plants were growing vigorously. 

That cotton is subject to infection by the fusarium-wilt organism ob- 
tained from Cassia tor a is evident from the results presented in tables 1, 2, 
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and 7 . In the solntion-enltnre experiments, 27 per cent (Table 1, exp. 1), 
98,7 per cent (Table 1, exp. 3) and 100 per cent (Table 7), of the plants 
showed external symptoms of wilt. In a soil-cnlture experiment (Table 2), 
100 per cent of the plants also showed symptoms of wilt. The Cassia fungus 
also caused wilt in the susceptible Burley tobacco (Table 2). This fungus 
has not been used in an infection experiment with okra, but successful infec- 
tions would be expected. Smith (14) reported that . . . ^'Mr. Orton has 
found the fungus on James Island, South Carolina, in a weed, the Cassia 
oltusifoUa and that the external and internal symptoms of wilt were 


TABLE 2. — Inoculations of cotton and totacco in soil with the Fusarium from Cassia tora 


Inoculated witli 

No. plants 

Per cent plants with 
symptoms of wilt 

Recovery 
of fungus, 



External | 

Internal 

per cent 

Cotton, Eaxm Relief 2 

Cassia fungus 

31 

100.0 

100.0 

100.0 

Uninoculated check 

4 

11.1 

11.1 

11.1 

Tobacco, Burley 5 

Cassia fungus 

31 

87.1 

87.1 

96.8 

Uninoculated check 

8 

25.0 

25.0 

50.0 


identical with those on cotton and cowpea. The observations were not sup- 
ported by experimental evidence as to the connection of ^‘the fungus/’ with 
the disease. 

Cross Inoculations of Cotton and Tobacco 

In these experiments cotton has b^ep. inoculated in solution culture only, 
with Fusaria isolated from cotton and tobacco in South Carolina, from 
tobacco in Kentucky, and 3 cultures from tobacco in Maryland. Other 
experiments (2) have shown that several cotton isolates gave the same rela- 
tive rating as to pathogenicity for cotton in solution culture as in soil, but 
higher percentages of wilting have occurred in the former. 


TABLE 3. — Inoculation of cotton in solution cultures with the fusarium-wilt fungus 
of tobacco from Kentucky 



Inoculated with 

No. plants 

Per cent plants with 
symptoms of wilt ■ 

Recovery 
of fungus. 




External | Internal 

per cent 


Cotton, Earm Relief 2 


Ky. 627 tobacco fungus 

281 ' 

1 

91.8 1 

90.4 

59.8 

Uninoculated check 

100 

0.0 

2.0 

2.0 


7 Synonym of Cassia tora L. 
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Tlie data of tables 1 and 3 show that the snsceptibile Farm Eelief variety 
of cotton inoculated with the South Carolina cotton fungus, the South Caro- 
lina tobacco fungus, and the Kentucky 627 tobacco fungus showed external 
symptoms of wilt in the inoculated plants of 88, 92.2, and 91.8 per cent, re- 
spectively. The same variety of cotton, inoculated with the South Carolina 
cotton fungus at a later date, showed 100 per cent of the plants with exter- 
nal symptoms of wilt (Table 7). The isolates of Fusarium from tobacco 
grown in South Carolina and Kentucky clearly produce wilting of cotton 
as readily as a virulent isolate from cotton. The tobacco isolates from Mary- 
land, however, failed to infect the Farm Eelief variety of cotton, as is noted 
below. 

Tables 4 and 5 present the data obtained from inoculating the tobacco 
varieties, susceptible Burley 5, resistant Burley 31, and flue-cured Gold 
Dollar with 1 cotton- and 2 tobacco-fusarium isolates. Burley 5 inoculated 
in solution culture with the South Carolina cotton fungus, with the South 
Carolina tobacco fungus, and with the Kentucky 627 tobacco fungus showed 
external symptoms of wilt in 97.8, 88.9, and 78.7 per cent of the plants, re- 
spectively, (Table 4). Much smaller percentages of the plants of resistant 


TABLE 4 . — Inoculations of S varieties of todaceo in solution cultures with each of 8 
Fu^aria 


Inoculated with 

No. plants 

Per cent plants with 
symptoms of wilt 

Becovery 
of fungus, 
per cent 

External | 

Internal 

Tobacco, Burley 31 

8. C. cotton fungus 

48 

16.7 

33.3 

25.0 

8. C. tobacco fungus 

53 

3.8 

5.7 

18.9 

Ky. 627 tobacco fungus 

48 

12.5 

12.5 

6.2 

XJninoeulated check 

24 

8.3 

8.3 

12.5 

Tobacco, Burley 5 

8. C. cotton fungus 

45 1 

97.8 

100.0 

88.9 

8- C. tobacco fungus 

45 

88.9 

93.3 

66.7 

Ky. 627 tobacco fungus 

47 

78.7 

85.1 

42.5 

Dninoculated check 

23 

13.0 

13.0 

8.7 


Tobacco, Gold Dollar 


8. 0. cotton fungus 

46 

13.0 

23.9 

63.0 

8. C. tobacco fungus 

46 

0.0 

21.7 

56.5 

Ky. 627 tobacco fungus 

48 

6.3 

6.3 

29.1 

XJninoeulated check 

24 

16.7 

16.7 

16.7 


varieties showed external symptoms of wilt, though the fungus was recovered 
from 56.5 per cent of Gold Dollar plants inoculated with the South Caro- 
lina tobacco fungus. 

Data obtained from a similar series of inoculations in soil are given in 
table 5. Plants of Burley 5 were the only ones to show any external symp- 
toms of wilt, though the fungus was isolated from 37.1 per cent of the Gold 
Dollar plants inoculated with the South Carolina tobacco fungus. The first 
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external symptoms of wilt in Burley 5 plants appeared 19 days after trans- 
planting to the soil, while, in the culture solution, only 10 days elapsed after 
inoculation before wilt symptoms were noted. There was more rapid wilting 
and a considerably higher percentage of infection in the solution cultures 
than in the soil. 

It is evident that wilt in a susceptible Burley tobacco can be produced by 
inoculations with the Fusaria causing wilt in cotton and in tobacco, 
percentages of Burley 5 plants showing external symptoms of wilt with the 
Kentucky 627 tobacco fungus were less in both soil and solution than with 
the other isolates. It is probably incorrect to conclude, however, that the 
Kentucky isolate is less pathogenic than the others, since these percentages 


TABLE 5 . — Inoculations of S varieties of tobacco in soil with each of S Fusaria 


Inoculated with 

No. plants 

Per cent plants with 
symptoms of wilt 

External I Internal 

Eecovery 
of fungns, 
percent 

i 

Tobacco, Burley 31 

S. 0. cotton fungus 

30 

0.0 

0.0 

3.3 

S. 0. tobacco fungus 

27 

0.0 

3.7 

11.1 

Ky.'627 tobacco fungus 

35 

0.0 

1 0.0 

17.1 

Uninoculated check 

16 

0.0 

0.0 

0.0 

Tobacco Burley 5 

S. 0. cotton fungus 

30 

53.3 

53.3 

70.0 

A 0. tobacco fungus 

29 

58.6 

58.6 

58.6 

Ky. 627 tobacco fungus 

31 

38.7 

41.9 

71.0 

Uninoculated check 

15 

0.0 

0.0 

0.0 


Tobacco, Gold Dollar 


S. 0. cotton fungus 

30 

0.0 

0.0 

23.3 

S. 0. tobacco fungus 

35 1 

0.0 

2.9 

37.1 

Ky. 627 tobacco fungus 

32 

0.0 1 

0.0 

18.8 

Uninoculated check 

16 

0.0 

0.0 

0.0 


are based on a small number of plants. The data of tables 1 and 3 showing 
the results of the inoculation of a larger number of cotton plants do not indi- 
cate such differences. Several months after these experiments were com- 
pleted, 3 cultures of tobacco-wilt Fusaria from Maryland were obtained. 
The most virulent culture, “Mudd,’' was used to inoculate 79 plants of Farm 
Belief cotton, but only 2 plants showed any symptoms of wilt (Table 6, 
exp. 1). Since the seed might carry the fungus internally to an extent con- 
siderably greater than this, it appeared that the Maryland strain of the 
fungus was distinctly different from the strains obtained in South Carolina 
and Kentucky. Accordingly, the 3 Maryland isolates were used to inoculate 
a susceptible variety of cotton and the Burley 5 and Gold Dollar varieties of 
tobacco. None of the cotton plants showed any external or internal symp- 
toms of wilt in this test (Table 6, exp. 2) , but both varieties of tobacco proved 
susceptible to all the isolates. Gold Dollar had proved resistant to the South 
Carolina and Kentucky isolates, but showed 33.3 per cent external wilt with 
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TABLE 6.— Inoculations of cotton and tol)acco m solution cultures with S isolates of 
Maryland tohacco-wilt Fusaria 


Inoculated with 

No. jdants 

Per cent plants with 
symptoms of wilt 

Beeovery 
of fungus, 
percent 



External | Internal 


Cotton, Farm Belief 2 


Maryland, '^Mudd^' (exp. 1) 

79 

2.5 

2.5 

11.4 

Maryland, ^'Mudd^^ (exp. 2) 

52 

! 0.0 

0.0 

3.8 

Maryland 18 (exp. 2) 

62 

0.0 

0.0 

3.2 

Maryland 21 (exp. 2) 

57 

0.0 

0.0 

3.5 

Uninoculated check (exp. 1) 

69 

0.0 

0.0 

1.4 

Dninoculated cheek (exp. 2) 

43 

0.0 

0.0 

0.0 


Tobacco, Burley 5 


Maryland, ^^Mudd’’ 

67. i 

97.0 

97.0 

97.0 

Maryland 18 

62 

93.5 

95.2 

98.4 

Maryland 21 

63 1 

96.8 

98.4 

100.0 

Dninoeulated cheek 

34 i 

0.0 

17.6 

17.6 


Tobacco, Gold Dollar 


Maryland, ^^Mudd” 

57 

77.2 

94.7 

96.5 

Maryland 18 

54 I 

53.7 

94.4 

92.6 

Maryland 21 

54 

33.3 

74.1 

77.8 

Eninoeulated cheek 

27 

0.0 

0.0 

14.8 


the least virulent Maryland isolate and 77.2 per cent wilt with the most 
virulent isolate. 


TABLE 7. — Inoculations of cotton, cowpea, and Cassia tora in solution cultures with 
each of <8 Fusaria 


Inoculated with 

No. plants 

Per cent plants with 
symptoms of wilt 

Beeovery 
of fungus, 



External | Internal 

per cent 


Cotton, Farm Belief 2 


S. C. cotton fungus 

165 

100.0 

96.4 

93.3 

Cowpea fungus 

158 

0.63 

1.3 

7.0 

Cassia fungus 

143 

100.0 

95.8 

96.5 

IJninoculated check 

74 

0.0 ! 

4.1a 

1.3 


Cowpea, Cal. Blackeye 


S. C. cotton fungus 

1 153 

0.0 

0.65 

6.5 

Cowpea fungus 

141 

100.0 

97.2 

95.7 

Cassia fungus 

152 

0.66 

2.0 

8.6 

Uninoculated check 

78 

0.0 

0.0 

2.6 


Cassia tora 


S. 0. cotton fungus 

225 1 

0.0 ! 

8.4 

6.2 

Cowpea fungus , 

207 

0.48 

1.4 

8.2 

Cassia fungus 

225 

0.0 

4.0 

12.4 

Uninoculated check 

110 

0.0 

0.0 

0.0 


3 plants with faint, darkened streaks. 
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Cross Inoculations of Cowpea, Cassia tora, and Cotton 

The susceptible Farm Relief 2 cotton, the susceptible California black- 
eye cowpea, and an apparently highly resistant Cassia tora were inoculated 
ill solution culture with wilt Fusaria from each of the host plants. 

The data of table 7 indicate that the cowpea organism is quite distinct, 
and that the organisms from cotton and Cassia tora are the same. The few 
recoveries of Fusaria from eowpeas inoculated with the isolates from cotton 
and Cassia may have been due to accidental infections or the presence of the 
wilt fungus in or on the seed, since Kendrick (11) has shown that the fungus 
can be carried on the cowpea seed. It is possible also that the fungus may 
grow to some extent in old cortex, out of reach of surface sterilization. 
Smith (14) made numerous attempts to infect cotton, eowpeas, and water- 
melons with the wilt Fusaria from these hosts, but, except where the fungus 
was obtained from its specific host, no infection occurred. Johnson (10) 
failed to obtain infection of eowpeas from inoculations with a Maryland 
tobacco-wilt fungus. Carpenter (5) obtained no infection of Brabham cow- 
peas with an okra Fusarium. 

Inoculations of Cotton, Okra, and Tobacco 

Carpenter (5) inoculated 99 okra plants with the cotton-wilt fungus in 3 
tests, and obtained only 1 wilted plant. He did, however, get 87 per cent 
wilt from the inoculation of 43 cotton plants with the okra fungus. Fahmy 
(9) failed to obtain infection of okra with the Egyptian cotton-wilt fungus. 

The data of table 8 show clearly that the okra fungus will cause wilting 


TABLE 8 . — Inoculations of olcra, io'bacco, and cotton in solution cultures with wilt 
Fusaria 


Inoculated with 

No. plants | 

Per cent plants with 
symptoms of wilt 

Recovery 
of fungus, 



External | Internal 

per cent 

I- 


Okra, Clemson Spineless 


Okra fungus (exp. 1) 

80 

91.2 

100.0 

93.8 

Okra fungus (exp. 2) 

84 

100.0 

100.0 

83.3 

S. 0. cotton fungus 

66 

98.5 

98.5 

86.4 

Maryland tobacco fungus ^ ^ Kndd ^ ^ ........ 

74 

0.0 

1.4 

! 4.0 

Uninoculated cheek (exp. 1) 

41 

0.0 

0.0 

1 0.0 

Uninoculated check (exp. 2) 

56 

0.0 

8,9 

7.1 


Tobacco, Burley 5 


Okra fungus ! 

23 j 

100.0 

100.0 

78.3 

Uninoculated check 

27 

0.0 

0.0 

3.7 



Cotton, Farm Relief 2 


Okra fungus 

90 

58.9 

68.9 

62.2 

Uninoculated cheek 

80 

0.0 

0.0 

1.2 
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of okra, a susceptible Burley tobacco, and a susceptible cotton. The cotton 
fungus also caused wilting of okra. The “Mudd” isolate of the Maryland 
tobacco fungus, however, did not produce any visible wilt of okra. 

Inoculations of Okra, Tomato, Cotton, and Watermelon 
The data of table 9 show that the tomato was not attacked by the wilt 


TABLE 9 . — Inoculations of oTcra, tomato f cottony and watermelon in solution cultures 
with wilt Fusaria 


Inoculated with 

No. plants 

Per cent plants with 
symptoms of wilt 

External ] Internal 

Becovery 
of fungus, 
per cent 

Tomato, Improved Earliana 

Tomato fungus 

95 

94.7 

100.0 

98.9 

Okra fungus 

91 

0.0 

1.1 

5.5 

Watermelon fungus 

101 

0.0 

0.0 

5.9 

Uninoeulated cheek 

69 

0.0 

0.0 

2.9 

Watermelon, Florida Giant 

Watermelon fungus 

49 

100.0 

100.0 

95.9 

Tomato fungus 

45 

0.0 

0.0 

2.2 

S. C. cotton fungus 

•88 

1 0.0 

0.0 ! 

0.0 

Uninoculated check 

34 

0.0 

0.0 ’ 

0.0 

Okra, Clemson Spineless 

Tomato fungus 

65 

1 

0.0 

0.0 1 

3.1 

Uninoeulated check 

56 

0.0 

8.9 

7.1 

Cotton, Farm Belief 2 

Tomato fungus 

59 

0.0 

0.0 

0.0 

Uninoeulated check 

43 

0.0 

0.0 

0.0 


fungi from okra or watermelon. Since the data from other experiments 
indicate that the wilt Fusaria from cotton, okra, Cassia, South Carolina 
tobacco, and Kentucky tobacco are the same, it seems reasonable to conclude 
that the tomato is not subject to wilt by any of these fungi. The tomato- 
wilt fungus® also did not produce wilt in watermelon, okra, or cotton. Bohn 
and Tucker (4) have indicated that the parasitism of Fusarmm lycopersici 
is limited to the genus Lycopersicon. 

The cotton fungus did not cause wilt of the watermelon, which agrees 
with the results obtained by Smith (14) many years ago. 

DISCUSSION 

The writers’ experience with Fusaria has been confined largely to the 
section Elegans. It is generally recognized that the Fusaria may vary 
widely in the morphological and physiological characters, including patho- 

8 Culture supplied by E. L. Wellman. 
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genieity, that are utilized in taxonomy. No attempt will be made to review 
the extensive literature on this subject, and only those references that bear 
directly on the present investigation will be cited. 

In earlier studies of cotton wilt by the senior writer, a large number of 
isolations of the fungus were made from wilting cotton stalks, chiefly from 
various sections of South Carolina. After these isolates had been in culture 
for different lengths of time, 19 cultures representing the range of cultural 
characteristics were selected for further study. When single-spore cultures 
were made of some of the isolates differing most in cultural characteristics, 
great variability was revealed (2). Variants appeared as early as the sec- 
ond transfer showed a tendency to dominate the parent culture. A series 
of variants, quite similar to the range of those reported for tomato wilt by | 
Wellman and Blaisdell (18), were obtained. Some of the cotton cultures 
could not be identified as Ftisarium vasinfectum according to descriptions 
given by Wollenweber and Eeinking (19), yet they caused cotton wilt. 
Johnson (10) made cultural comparisons of isolates of F. oxysporum from 
potatoes with his fusarium cultures from tobacco and mentions the difficulties 
in making a decision as to their identity, since some of the potato cultures 
were ‘‘sub-normal,’’ one in particular being less virulent than the vigorous 
mycelial types from tobacco. Only the vigorous mycelial types have been 
used for the inoculations reported in this paper, but one of the ‘ ‘ sub-normal ’ ’ 
types of the cotton-wilt fungus used in a previous study (2) proved as viru- ; 
lent as the vigorous mycelial types. Other “subnormal” or appressed cul- t 
tures, however, were less virulent than most of the vigorous mycelial types, j 
which agrees with the results of others studying several wilt Fusaria, ( 

During the period from 1932 to 1935, inclusive, 4 attempts were made to [ 
differentiate culturally, 8 single-spore isolates of Fusarium vasinfectum hj I 
the technique of Coons and Strong (6), using the toxic malachite-green and i 
crystal-violet dyes. Fairly distinct differences among several of the isolates 
were apparent in a single test, but repetitions of the experiment produced 
results inconsistent with those of the other tests. Since it has been found 
(2) that variants of F. vasinfectum may occur after 1 or 2 transfers, and the 
cultures used in the dye tests were transferred from 1 to several times be- 
tween the tests, it seems reasonable to assume that variant forms may have 
been used in the later tests, which reacted differently to the toxic dyes than 
did the original cultures. Padwick (13) states, “A number of isolates of 
F, udum were compared with F, lateriiium yduv. uncinatum Wr. and also 
with cultures of all varieties and physiologic forms of F. vasinfectum^ ob- 
tained from the centraalbureau voor Schimmel cultures, Baarn. This experi- 
ment strikingly confirmed the previous conclusion that F. udum is a sepa- 
rate species from F, vasinfectum/^ The writers are not familiar with the 
8 cultures of F, vasinfectum examined by Padwick, but one wonders what 
might have been the conclusion if the wide range of forms they have had in 
culture had been included in his study. Padwick was not able, however, to 
distinguish by morphological and cultural studies between the isolates of 



F. ud%im that cause wilt only of pigeon-pea and those that cause wilt only of 
sun-hemp. 

Snyder and Hansen (16) have obtained types of the watermelon wilt 
B^usarium that fall into sub-sections Orthocera, Oxysporiim, and Constric- 
tum of the section Elegans, as proposed by Wollenweber and ReinMng (19). 
It was proposed by Snyder and Hansen (16) that the section Elegans be 
converted into 1 species, F. oxysporimj with a number of biologic forms 
recognized principally by their selective pathogenicities. According to this 
scheme, F. vasinfectum Atk. becomes F. oxysporum f. vasinfectum (Atk.) 
Snyder and Hansen, and F, oxysporiim Schl. v. nicotimiae Johns, becomes 
F. oxysporum f. nicoUanae (Johns.) Snyder and Hansen. 

When it was discovered that the Fusaria from Burley tobacco collected 
in South Carolina and Kentucky would also cause cotton wilt, and that the 
cotton wilt Fusarium would cause wilt of Burley tobacco (1), it was assumed 
that both names of the fungi were unnecessary. With the later discovery 
that the Maryland tobacco-wilt organism would not infect cotton and okra, 
it became clear that both names might be needed. The Maryland tobacco- 
wilt organism is also different from the other twm tobacco organisms in that 
it causes wilt in the flue-cured variety, Gold Dollar, where the others do not. 
If one were comparing the several tobacco organisms by inoculating the 
susceptible Burley variety, the conclusion would be that they are the same. 
If the flue-cured variety were added to the tests, the different pathogenic 
potentialities could be indicated by designating them as different physiologic 
races. If cotton be added to the test, the situation becomes slightly more 
complex, since the Kentucky and South Carolina isolates also cause cotton 
wilt. On the basis of priority, the 2 latter isolates, according to the classi- 
fication of Wollenweber and Beinking (19), should be F. vasinfectum. 
When increasing the host list of F. vasinfectum to include Cassia tora and 
tobacco, it would be necessary to state that this organism causes tobacco wilt 
in only certain types of tobacco (Burley strains). If the classification of 
Snyder and Hansen (16) be used, the name would be given as F. oxysporum 
f. vasinfectum with the increase in host list as suggested above. The Mary- 
land isolate which affects Maryland Broadleaf and flue-cured types would 
retain the name of the tobacco organism as originally described. 

Three series of cross inoculations involving the sweet potato have been 
made but no detailed data are presented at this time, since the results in 
general are rather uncertain. The South Carolina and Kentucky tobacco- 
wilt fungi have not produced distinct external symptoms of wilt in the sweet 
potato in all tests, though Smith and Shaw (15) have reported that the 
tobacco-wilt fungus with which they are working does cause wilting of the 
sweet potato. 

Pathogenicity tests with the wilt-producing Fusaria are not short and 
easy procedures, but it appears that many cross-inoculation experiments are 
necessary before the pathogenic potentialities of this group will be known. 
The morphological and cultural studies thus far recorded fall far short of 
giving a satisfactory method for identifying many of these organisms. 
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SUMMARY 

Inoculations with the wilt Fusaria from Cassia iora, cotton, tobacco, okra, 
tomato, watermelon, and cowpea have been made chiefly by means of a solu- 
tion-culture technique, though some soil inoculations also were employed. 

The isolates from cotton, okra, Cassia, and tobacco from South Carolina 
and Kentucky caused wilt with these various hosts ; thus it appears that one 
fungus is involved. A susceptible Burley tobacco was attacked, but a flue- 
cured variety, Gold Dollar, showed little or no wilt when inoculated. 

Tobacco isolates from Maryland, however, caused wilting of both the 
Burley and the flue-cured variety of tobacco, but not of cotton and okra. 

The weed, Cassia tora, found growing in cotton fields was attacked by 
the cotton-wilt fungus. The tomato, watermelon, and cowpea fungi are 
probably pathogenic only to their respective hosts or closely related hosts, 
since the tomato fungus did not cause wilt of watermelon, okra, or cotton, the 
watermelon fungus did not cause wilt of tomato, and the cowpea fungus 
attacked neither cotton nor Cassia. 

The following is a brief summary of the results of the inoculations. 


Fusarium from 

! Caused wilt of 

Caused no wilt of 

Cotton 

Cotton, Burley 5 tobacco, 

Gold Dollar flue-cured to- 


okra, Cassia 

baeco, watermelon 

South Carolina tobacco 

Cotton, Cassia, Burley 5 

Gold Dollar flue-cured to- 


tobacco 

bacco 

Kentucky tobacco 

Cotton, Burley 5 tobacco 

Gold Dollar flue-cured to- 
bacco 

Tomato 

^ Okra 1 

Okra, Burley 5 tobacco, 
cotton 

Cassia tora 

Cassia, Burley 5 tobacco, 
cotton 


Maryland tobacco 

i 

1 

Burley 5 tobacco. Gold 
Dollar flue-cured to- 
bacco 

Cotton, okra 

Tomato 

Tomato 

Watermelon, okra, cotton 

Watermelon 

Watermelon 

Tomato 

Cowpea 

Cowpea 

Cotton, Cassia 


South Carolina Experiment Station, 
Clemson, South Carolina 
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THE EFFECT OF LIGHT AND TEMPERATUEE ON THE 
VIABILITY OF UEEDIOSPOEES OF CERTAIN 
CEREAL RUSTS^ 

L I A N (? H W A N- G 

(Accepted for publicatioa November 25, 1941) 

INTRODUCTION 

It has been shown that nrediospores and aeciospores of some of the cereal 
rusts, notably Puccinia graminis Pers., may be carried long distances by the 
wind. According to Stakman (18), there is conclusive evidence that iiredio- 
spores of P. graminis are sometimes blown northward from Texas, Okla- 
homa, or Kansas into the spring- wheat States in such numbers as to be 
responsible for the initiation of rust epidemics. 

Urediospores of Puccinia graminis from a distant sonrce often are caught 
near St. Paul, Minnesota, in large numbers on spore traps in June; and in 
July the numbers are sometimes almost inconceivably large. At this time, 
from a few hundred to a few hundred thousand urediospores may be depos- 
ited per square foot at the level of growing grain plants within 24 hours 
during so-called spore showers. These spores are blown into the spring- 
wheat area by south winds and very often during periods of rather w^arm, 
bright, dry weather, when there is insufficient moisture for them to germi- 
nate. It is well known that^high temperatures and light are likely to affect 
adversely the development of the cereal rusts (1, 4, 7, 8, 9, 10, 12, 13, 14, 
20, 22). These factors also affect the viability of spores, but to what degree 
has not been known very precisely. 

As information regarding the number of spores caught in spore traps 
has been used as one basis for attempting to determine whether epidemics 
are likely to occur, it seemed desirable to get as much information as possible 
regarding the longevity of the spores on the plants with a view to establish- 
ing if possible a correction factor based on the amount of sunshine and the 
temperature and the time elapsing between the spore shower and the first 
dew or rain. 

For this reason the writer attempted to determine the effect of sunlight 
and temperature on urediospores ot Puccinia graminis tritici Eriks, and 
Henn., P. coronata Corda, P. rubigo-vera tritici (Eriks, and Henn.) Carl., 
P. graminis avenae Eriks, and Henn., and P. graminis secalis Eriks, and 
Henn. As races of a given species conceivably could differ in their resis- 
tance to light and high temperature, several physiologic races of P. graminis 

1 A condensed version of a thesis presented in partial fulfillment of the requirements 
for the Degree of Doctor of Philosophy, University of Minnesota, June, 1939. Assistance 
in the preparation of these materials was furnished by the personnel of the Work Projects 
Administration, Official Project No. 165-”71-1-1-124, sponsored by the University of 
Minnesota, 1941. 

The writer is greatly indebted to a nnmber of people for help and advice during the 
experimental work and in preparation of. the manuscript; and he wishes to thank espe- 
cially Dr. E. C. Stakman, Dr. Helen Hart, and Dr. J. J. Christensen. 
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triUci and P. graminis avenae, as -well as P. coronafa; were included in many 
of tlie studies. There was no attempt to study relative humidity or any of 
the other factors that have been reported (5, 7, 15, 21) as reducing spore 
viability. 

MATERIALS AND METHODS 

Spores of Pticcinia ooronaia, P. graminis triticij and P. riibigo-vera iritici 
for the preliminary experiments were obtained from two different sources, 
the fields of University Farm, St. Paul, Minn., and plants grown in the 
greenhouse. 

Bust collections used for the subsequent experiments were obtained from 
the Federal Bust Laboratory, University Farm, St. Paul, and propagated, 
on seedlings in the greenhouse. The usual methods of inoculation and incu- 
bation were used (17) for races 11, 36, 38, and 56 of P. graminis tritic% 
races 2 and 6 of P. graminis secalis, races 1 and 45 of P. coronaia, and P. 
ruMgo-vera iritioL As soon as uredia were well f ormed, mature spores were 
collected by gently shaking the infected plants over a smooth funnel leading 
to a glass vial. The conditions for spore production among different rusts 
were almost identical, unless specific treatments were given for certain 
purposes. 

Methods of Expovsure 

Immediately after the spores were collected from the greenhouse, they 
were put on a piece of white paper over a piece of filter paper in Petri 
dishes. The dry spores were evenly distributed before exposure to the 
direct sunlight, because Pulton and Coblentz (3) pointed out that the outer 
spores of clumps have a protective shading effect on those in the center of 
the mass, and the latter survive exposures several times longer than is re- 
quired to kill single detached spores. Usually, the dishes were covered with 
white cellophane and checks were covered with black tar paper, although no 
covers were used in the preliminary experiments. When testing the vary- 
ing qualities of daylight, blue cellophane and red Du Pont cellophane, with 
known percentages of light transmission, were used as covers. 

These Petri dishes of dry spores were exposed continuously outdoors; 
but, after a certain specified number of hours, they were carried back to 
the laboratory and a small amount of each sample was removed with sterile 
forceps and placed in separate, clean Syracuse dishes.; The Petri dishes 
w^ere again put outdoors for further exposure and later samplings. 

The records for temperature and light intensity were usually taken 3 
times a day. Thermometers were inserted in Petri dishes covered as for 
spore exposures. The instrument used to measure light intensity in the 
preliminary experiments consisted of a glass bulb fitted with a thermopile, 
and the record was in terms of g. cal./min./cm.^ For the succeeding ex- 
periments, a Weston Illumination meter, model 603, was used and light 
intensity was recorded in foot-candles. According to Duggar (2) Kimball 
gave an average value of 6700 foot-candles for 1 g. cal./min./cm.^ The 
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former records, therefore, were converted into foot-candles based on Kini- 
balFs method. 

The initial germination in a spore collection varied from time to time 
and also with the different rust species used. Usnally it was between 70 
and 100 per cent, but occasionally for certain spore collections, it fell to 50 
or even lower. In all eases in order to have the rates of decline in viability 
more comparable, the initial germination percentage for every spore lot was 
considered as 100. Subsequent germination of each spore lot after exposure 
was figured as a proportion of this base. 

Methods for Spore Germination 

After a certain number of hours’ exposure, spores were distributed in 
Syracuse dishes for germination tests. Distilled water was added to the 
dishes, which were then left for 3 to 10 hours at room temperature (20- 
25° C.) before spores were counted. Temperatures were relatively uniform, 
for when spores of different races of certain species of rusts were tested for 
germination they were always kept side by side. Approximately 10^ cc. of 
water, distilled in a metal still, were used for each Syracuse dish. The total 
number of spores counted in each dish was from 300 to 500. Usually, at 
least 3 tests were made for each species, variety, or race of rust in each 
experiment, but only representative data are presented here. 

THE germination OF UREDIOSPORES FROM DIFFERENT SOURCES 

Urediospores produced in the greenhouse were compared with those ff om 
the field as to their ability to withstand exposure to air and light, for it was 
realized that the source of spores, especially during the winter, might be an 
important factor in experiments on viability. Mature urediospores of 
Puccinia graminis triticij P. coronata, and P. rubigo-vera tritici from the 
two sources (greenhouse and field) were exposed continuously outdoors 
during July, 1937, and their germinability tested after intervals varying 
from 2 to 125 hours. There was no evidence of marked differences in via- 
bility of the urediospores from the two different sources, so that for the later 
experiments urediospores produced in the greenhouse were used. This 
practice enabled one to use pure races of rusts, to have material available in 
all months of the year, and to control to a slight extent the conditions for 
urediospore production. 

COVERING materials FOR PETRI DISHES AND THEIR EFFECT ON 
LOSS OF UREDIOSPORE VIABILITY 

Since exposure in uncovered dishes was impractical for the outdoor 
experiments whenever large numbers of spores were in the air, when strong 
winds or storms prevailed, or when snow or rain fell, various covering 
materials were used, including white cellophane, glass, a double layer of 
cheesecloth, and black tar paper. The cellophane interfered very little with 
passage of light waves, but, in windy or stormy weather, it split easily. 
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Cheesecloth reduced light intensity only slightly, but did not prevent dis- 
turbance and loss of the exposed spores. The black paper reduced the light 
greatly and the temperatures under such covers were apt to be higher than 
those under glass or cellophane covers. The results of numerous experi- 
ments, however, show clearly that, provided temperatures are not extremely 
high, viability of urediospores is retained much longer under a black cover 
that reduces light than under a cover that transmits most of the light reach- 
ing it. In table 1 are given figures for the germinability of urediospores 
of race 11 of Puccinia grammis iritic% which may be taken as representative 
of the other rust races and varieties studied. P. ruhigo-vera trUic% P. goto- 
mia, and races 36, 38, and 56 of P. grammis tritici were included in the 
experiments, and the results for all were very similar in each experiment. 

Obviously, there were physical difficulties in starting all the exposures, 
the replicates, and all the dffierent race collections at the same time, but 
care was exercised in observing, according to the starting sequences. Insofar 
as possible, exposures were begun between 7 :30 and 9 :00 a.m:. Length of 
exposure is recorded in hours, but, since sunlight was the important factor 
being investigated, the number of hours of sunlight during exposure usually 
has been given as well. Petri plates exposed more than 8 hours were left 
out continuously day and night, and the total time of exposure was 2, 3, or 
more times greater than the hours of daylight recorded. 

With exposure to daylight under a cellophane, a glass, or cheesecloth 
cover viability decreased rapidly at low and moderate temperatures, more 
rapidly than with the black paper cover (Table 1) . As long as temperatures 
remained moderate, such protection from light by the black tar paper cover 
provided for retention of viability for 4 to 8 days or even 24 to 28 days 
longer than did a transparent cover. 


TABLE 1. — The percentage germination of urediospores of Puccinia graminis tritici 
race 11 after exposure, under different covers, to daylight and to various temperatures 


Exposure 

in 

hoursa 

~10 

°to + 6° G. 

j 12^^ to 26° 0. 

27° to 42° C. 

Low light 

Black 

paper 

Low light 

1 

Black 

paper 

High 

light 

High 

light 

Black 

paper 

Cloth 

Glass 

Cloth 

Cello- 

phane 

Cello- 

phane 

Cello- 

phane 

0 

100 

100 

1 100 

100 

100 

100 

100 

100 

100 

8 (8) 

2 

2 

24 

61 

41 

69 

55 

20 

tr 

15 (8) 







29 

3 

0 

30 (15) 

1 

2 

6 

1 16 

14 

27 

1 

0 

0 

50 (20) 

3 

'.'1 

5 

11 

12 

18 

tr 



100 (40) 

1 

1 

5 

14 

7 

10 





150 (60) 

0 

0 

4 

6 

7 

5 



■ ■ 

400 (153) i 



■ ' ^ 

1 

1 

4 




460 (175) 



■ 5 1 

0 

tr 

1 




500 (190) 



. 5 

0 

0 

1 




600 (225) 




2 



tr 




800 (^300) 



1 



0 




1000 (400) 


......... 

tr 








a The number in parentheses indicates the number of hours of sunlight during the 
exposure period. 
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Wlienever temperatures were liigli, then temperature assumed a primary 
role and daylight became an accessory factor in loss of iirediospore viability 
(Table 1). In nature, however, it is only oceasionally that temperature 
rises so high as to become a primary factor for urediospore viability of the 
rusts considered in this paper. In nature it is possible that the cereal 
foliage reduces sunlight intensity, and temperature as well, and prolongs 
somewhat the germinability of urediospores. 

THE EFFECT OP HIGH TEMPERATURES ON THE VIABILITY OP 
UREDIOSPORES OP SEVERAL CEREAL RUSTS 

Since there was evidence that spores were killed by high temperature, 
as well as by light, the germination of spores kept in incubators at 44 ±:, 
50 ±:, and 60 zh ° C., respectively, was studied. Three experiments with 3 
replications for each rust were made at different dates. Mature spores of the 
4 races of Puccinia graminis triiici, the 2 of P. graminis avenae, P. graminis 
secalis^ P. ruMgo-vera iritioi, and the 2 races of P. coronata were exposed. 

Data for a representative sample, race 36 of Puccinia graminis iriUci, 
are presented in table 2. Urediospores withstood a temperature of 44° C. 
very well for 2 days; and, even after 60 hours, 8 per cent of the spores 
germinated. 

At 50° C. viability was lost more rapidly, so that, after 2 days, only 1 
per cent of the spores germinated, and within 60 hours all were dead. 

Exposure to 60° C. brings about a still more rapid decline in germina- 
bility. Within 4 hours, more than half the spores lost their viability, and at 
the end of 10 hours less than 10 per cent were able to germinate. Nearly all 
spores were dead after 15 hours at 60° C. 


TABLE 2 . — The effect of high temperature on the viability of urediospores of 
Fuccinia graminis tritici ^6 


Exposure in hours 

Average pereentagea germination of spores after exposure at 

o 

a 

50° C. 

60° 0. 

0 

100 

100 

100 

8 

95 

45 

26 

10 

75 

41 

8 

15 

79 

23 

tr 

20 

67 

11 

0 

25 

52 

12 

0 

36 

40 

4 

0 

48 

28 

1 

0 

60 

8 

0 

0 


a Each figure is the average of three replicates. 


Attempts were made to harden certain spore lots by exposure for seven 
hours at room temperature before the exposure to 60° C. Such treatment, 
however, did not enable the spores to withstand the high temperature any 
better than did nontreated spores. 

In nature we may safely say that such high temperatures never obtain 
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in tlie Upper Mississippi Valley, althongli 40^ 0. and slightly higher have 
been recorded on occasion in Minnesota. Intense sunlight in nature, how- 
ever, nndonbtedly adds its inimical effects to those of high temperature, and 
the viability of urediospores in the air is reduced more rapidly than when 
either factor acts alone. 


LIGHT INTENSITY AND LOSS OP UREDIOSPORE VIABILITY 

It is difficult to separate the factors of light intensity and temperature 
-when studying retention of viability in rust urediospores, but two series 
of experiments are available in which the predominant range of temperature 
was 14 to 24° C. in one instance and 16 to 24° C, in the other, while the 
light intensity was held to a low limit in one but soared to 7,000 foot-candles 
in the other. Data for the germinability of races 36, 38, and 56 of Puccinia 
graminis tritici under these two sets of conditions are in table 3. 

One criticism of the work might be that the experiments occurred in two 
different years. Nevertheless both lots were collected from the greenhouse 
at about the same time of year (within 7 weeks), and the initial germination 
percentages were very similar in both series. With the practice of setting 
the initial germination count at 100 per cent, the comparison should he a 
very good one. 

A direct correlation between the lower light intensity and retention of 
viability is evident. During the first 3 days of Experiment II the average 
light intensity was rather low, and it was not until the fourth day that light 
intensity increased enough to differentiate the data of Experiment II from 
those of Experiment I. 

Germination counts for Puccinia graminis tritici race 11, for P. coronata 


TABLE 3. — The efeci of light intensity on loss of mobility, as measured by per- 
centage germination, in urediospores of races SB, $8, and SB of Tuccinia graminis tritici 


Exposure^ 
in hours 

500- 

1500 foot-candles 

1000- 

'7000 foot-candles 

Race 36 

Bace 38 

Bace 56 

Bace 36 

i Bace 38 

Bace 56 

0 


100 

100 

100 

100 

100 

100 

8 

(8) 

87 

82 

78 

96 

100 

85 

25 

(10) 




70 i 

78 i 

69 

50 

(20) 




58 ^ 

72 

72 

80 

(36) 

18 

50 ' 

39 

58 

15 

38 

123 

(48) 

16 

40 

34 

42 

26 

41 

150 

(60) 




27 

20 

26 

175 

(75) 

15 ! 

37 

33 

13 

10 

28 

225 

(100) 

14 ! 

28 

33 




300 

(140) 

.9, i 

24 

29 

0 

0 

tr 

365 

(175) 

8 1 

25 

30 




420 

(200) 

3 

21 

28 

0 

0 

0 

570 

(270) 


15 

14 




650 

(300) 

' ■■■ ■■ 1 ' i 

2 

2 




750 

(350) 

0 

1 

tr 




840 

(430) 

0 

tr 

tr 





a The number in parentheses indicates the number of hours of sunlight during the 
exposure period. The temperature ranged from 14 to 24° 0. 
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races 1 and 45, P. graminis avenae races 2 and 6, and P, graminis secalis 
are very similar to those presented and would have illustrated the effect of 
light intensity as well as the data chosen for table 3. 

At low light intensities more than 10 per cent of the spores remained 
viable after exposure to sunlight for 270 hours, except for race 36 of 
Puccinia graminis tritici whose viability dropped more rapidly. The 270 
hours of sunlight at the time of the experiments in February and March 
means about 23 to 24 days of exposure, a relatively long period for 
urediospore survival in the air. 

When light intensity reached a daily maximum of 7,000 foot-candles, 
at least 10 per cent of the urediospores retained the power to germinate 
after a 75-hour exposure, but none survived 270 hours of sunlight. With 
higher light intensities, which sometimes surpass 10,000 foot-candles on a 
June day in Minnesota, the survival time for urediospores may be even 
shorter. 

QUALITY OF LIGHT AS IT AFFECTS UREDIOSPORE VIABILITY 

The short waves of the ultra-violet and the blue parts of the spectrum 
generally have been more effective in decreasing germinability of fungus 
spores than have the longer waves (2, 3). 

Cellophane Filters 

In order to determine the relative effects of different qualities of direct 
sunlight, filters of 3 colors of Du Pont cellophane, with known percentages 
of transmission, were used to cover the exposure dishes. The colorless, red, 
and blue filters were compared with black paper covers for their effects on 
germinability of urediospores of all the rust species, varieties, and races 
used in other experiments. 

All spores for these experiments were collected during October through 
December in 1938 or in 1939, and the initial germination counts for all spore 
lots were usually rather low. As in all other experiments, the germination 
counts after various exposure periods represent percentages of the initial 
germination counts before exposure. 

From table 4 it is evident that urediospore viability declines more rapidly 
under the colorless cellophane filter than under the blue and red cellophanes 
or the black paper covers. The data presented for race 2 of Puccinia 
graminis avenae are representative of the other races, varieties, and species 
of rusts used in 8 different series of experiments, except P. graminis secalis. 
For this variety the loss of viability was about equal under all covers, and 
it is possible that its spores are slightly more resistant to sunlight than those 
of other varieties and species. 

Ultra-violet Light 

In October and November, 1938, mature urediospores were irradiated 
with ultra-violet, and their germination tested after various intervals. The 
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spores were evenly distributed in Syracuse dishes within Petri dishes, which 
were left open for irradiation or were covered with colorless cellophane. 
A slanted hoard, 32 inches from the light source, supported the dishes for 
irradiation. The Bveready Therapeutic “C” carbon arc furnished wave 
lengths of 2,700-3,000 Angstrom units (see 11), and the temperature at 
the irradiation distance was between 30 and 36° C., while measurable light 
intensity was about 800 foot-candles. Spores were irradiated 15 or 20 
minutes, then tested for germination in distilled water at room temperature. 


TABLE 4. — The ‘percentage germination of urediospores of Puocinia graminis avenae 
race $ exposed tmder covers of colored cellophane to light of different quality 


Exposure^ 
in hours 

Colorless 

Blue 

Bed 

Black 

0 

100 

100 

100 

100 

8 (8) 

48 

75 ■ 

75 

59 

25 (10) 

23 

15 

15 

16 

32 (15) 

7 

7 

10 

8 

54 (20) 

3 

3 

10 

3 

98 (35) 

2 

10 

14 

13 

144 (48) 

0 

9 

13 

13 

215 (72) 

0 

3 

9 

9 

290 (96) 

0 

1 

5 

4 


a Tlie number in parentheses indicates the number of hours of sunlight during the 
exposure period. Sunlight intensity was approximately 3500 to 6000 foot-candles and 
temperature was 12-27*^ C. 


There is a general tendency toward reduction in germination after ex- 
posure for 15 minutes to ultra-violet light (Table 5), yet a surprisingly 
large number of spores were not killed by the 20-minute exposure. 

Urediospores of Fuccinia graminis avenae seemed to be more sensitive to 
ultra-violet than those of the secalis and tritici varieties of P. graminis or 
those of other rust species. Direct irradiation was often slightly more in- 
jurious than irradiation through cellophane, but it was not consistently so. 

In each case one series of figures was obtained for spores collected and 
stored for a week at 10° C. before exposure to ultra-violet and another series 
of figures for spores collected and exposed immediately. Storage of spores 
sometimes seemed to confer a very slight resistance to ultra-violet, but the 
effects were inconsistent. 

CONDITIONS OP SPORE PRODUCTION THAT MIGHT AFFECT 
UREDIOSPORE VIABILITY ^ 

Time of Formation in the Uredium 

A single uredium in nature produces urediospores continuously for many 
days or sometimes even for weeks before the uredium changes to a telium 
or before it dries and stops drawing nutriment from the host. Stakman 
and Levine (19) showed that there was no apparent difference in the degree 
of infection produced by rust spores of different ages, but it was not known 
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whether iirediospores, formed early in the life of the nredium, would he 
more or less resistant to the effect of sunlight than those formed late in 
the life of the iirediiim, when supplies of the host nutriment might be more 
or less depleted. 

Early crops of mature spores -were collected soon after nredia had formed, 
usually 12 or 13 days after inoculation. Seven or 8 days later another crop 
of mature spores was collected from the same nredia. In some of the 
experiments, by storing the first spore collections at 10° C. for a week, it 
was possible to expose both collections to the same light and temperature 
and compare their relative sensitivities. According to the reports of 
Hoerner (6), Peltier (13), Schilcher (16), and Rosen and Weetman (15), 
short storage does not reduce the vitality of spores to any considerable 
extent. 


TABLE 5 . — The percentage germinatiom of urediospores of various species of Tug- 
cinia irradiated with ultra-violet light directly or through cellophane covers 



Irradiation, 15 min. 

Irradiation, 20 min. 

Rust urediospores 

Cover 

No 1 

cover 

Cover 

No 

cover 

P. gr. avenae 2 

22 

18 

13 

15 

do 6 

7 

7 

7 

6 

P. gr. secalis 

80 

76 

65 

69 

P. gr. tritici 11 

82 

75 

75 

72 

do 36 

62 

60 

58 

52 

do 38 

54 

41 

50 

43 

do 56 

57 

55 

40 

33 

P. coronata 1 

85 

78 

81 

75 

do 45 

78 

66 

52 

49 

P. rubigo-vera tritici 

75 

65 

71 

64 


a The percentage germination withont irradiation was arbitrarily placed at 100. 


In none of the experiments were there evident any consistent differences 
in sensitivity to light in the two spore crops. Loss of viability proceeded at 
the same rate in both collections when the exposures to light were com- 
parable. When the two spore crops were subjected to 50° or 60° C., the 
spores of the later crop sometimes withstood extreme temperatures for a few 
hours longer than spores of the early crop. At moderate temperatures, 
however, no differences were evident. Apparently the spores formed early 
in the uredium mature rapidly and are as vigorous as those formed a week 
later, when the uredium usually is considered in its prime. Whether still 
later crops of urediospores would have a lower vitality or a greater resistance 
tohightemperaturesanddryingisstillaquestion.. 

Light Condition During Uredial Development 

Throughout the years during which the present work was done, there 
were general observations on the relative initial vigor of spore lots collected 
at different seasons or under different environmental conditions. Indica- 
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tions are that urediospores formed during long-day seasons, when snnshine 
is prevalent and relatively bright, are more vigorous as measured by a higher 
initial germinability than are urediospores formed during a short-day winter 
season, when cloudy days prevail. With nearly all of the rusts studied here 
urediospores formed in the greenhouse during November or December 
germinated in fewer numbers (usually from 35 to 70 per cent) when freshly 
collected than did urediospores formed in any other month of the year 
(usually 75 to 95 per cent). The single possible exception seemed to be 
Puccinia graminis secalis, a variety in which initial germination of uredio- 
spores formed in November or December sometimes was remarkably high 
(86 per cent). 

To determine whether a greater than usual reduction in light during 
November and December would result in more pronounced weakening of 
urediospores formed in those months, half -shade was provided for inocu- 
lated plants by 1 or 2 layers of muslin. Urediospores produced under half- 
shade were compared with those produced under the full light of November 
and December, and there were no consistent differences in initial germina- 
bility of the freshly collected spores or in the decline in germinability 
resulting from exposure to sunlight or to high temperatures. 

THE EXPOSURE OP RUST SPORES ON CEREAL FOLIAGE AND THE 
INFECTION OP PLANTS AFTER EXPOSURE 

In the normal course of a growing season many of the urediospores, 
drifting or being blown about by air currents, eventually settle on grmn 
fields and cereal foliage. Environmental conditions are not always favor- 
able for immediate germination and infection, so the deposited spores often 
are exposed to the elements for several days longer. As yet, no one is cer- • 
tain whether most of the spores retain their ability to infect the cereal host 
for some time after deposition or whether only a few are able to do so. It 
is possible that under field conditions the foliage protects urediospores from 
the full effects of direct sunlight and that it modifies temperature so that 
many spores survive. The experiments concerning this part of the work 
were made with seedlings growing in 4-inch pots in the greenhouse. The 
susceptible wheat variety Marquis and the moderately resistant oat variety 
Anthony were brushed with dry urediospores of their respective rusts about 
5 or 6 days after planting, when the seedlings were 2 to Si inches high. 
Immediately after the spores were brushed on, soine of the plants were ex- 
posed to direct daylight in the greenhouse, others were exposed to diffuse 
daylight while in a shaded place in the greenhouse, and a few were put in 
moist chambers and atomized lightly with water to allow for immediate in- 
fection and to serve as checks for the exposed plants. After exposure for 
a designated length of time the seedlings were placed in a moist chamber, 
atomized lightly with water, and left for 48 hours. 

The success of infection was determined by counting the lesions that 
developed on plants within 10-12 days after the moist chamber incubation 
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(Table 6). Tbe number of uredia on a plant was somewhat erratic, which 
is not surprising when one realizes how difficult it is to brush spores evenly 
over the leaf surfaces and to avoid washing off spore clumps during the 
atomizing. Nevertheless, uredia were numerous enough to signify that con- 
siderable numbers of spores remained viable and infected the cereals when 
opportunity arose. Even after exposures of more than 4 days, with about 
48 hours of direct light, good rust infection resulted within 10 or 12 days 
after moisture was supplied for spore germination. With the longer ex- 
posures, particularly on wheat, a diffuse light was less harmful to spore 
viability than was direct light. High temperatures at the beginning of the 
experiment may have been responsible for the rather low averages for the 
cheek plants in the experiments. 

We may conclude, however, that many of the urediospores deposited on 
cereal leaves, especially on the lower shaded foliage that is protected from 
direct sunlight, may remain viable for at least 4 days and probably longer, 
there being no necessity for moisture in amounts that would allow for rust 
infection at the exact time of the spore shower. 

TABLE 6. — TJie average number of uredia formed on oats and wheat seedlings that 
were dusted with urediospores of Fuccinia coronata, F. graminis triUei 36, of F. rubigo- 
vera tritid and were exposed to sunlight for various times prior to incubation in moist 
chambers 


Exposure^ ' 

in hours 

( P. coronata 

P. gr. tritid 36 

P. rubigO'Vera 
tritid 

Full 

light 

Diffuse 

light 

Full 

light 

Diffuse 

light 

Full 

light 

Diffuse 

light 

0 

20 

20 

10 

10 

18 

18 

8 (8) 

34 

29 

34 

26 

61 

68 

10 (10) 

32 

28 

29 

10 

40 

66 

28 (15) 

23 

22 

36 

35 

48 

71 

46 (20) 

29 

41 

18 

17 

25 

52 

51 (25) 

13 

27 

17 

15 

5 

55 

75 (36) 

4 

2 

10 

19 

3 

27 

100 (48) 

■ ■ 2 

6 

4 

20 

2 

36 


a The number in parentheses indicates the number of hours of ’sunlight during the 
exposure period. Light intensity was approximately 5000-7500 foot-candles, and tem- 
perature was 18-27° 0. 


DISCUSSION AND CONCLUSIONS 

It has been known for some time tfiat urediospores of the cereal rusts 
can be carried long distances by the wind and that many of the spores are 
viable after several days in the air. They often survive fairly long journeys 
in the air and serve as inoculum for cereal fields at some distance from their 
source. Among the factors that are unfavorable for urediospore survival 
are high light intensity and high temperature, which are discussed in this 
paper. It has been shown that urediospores are sensitive to exposure to 
sunlight, and the present work demonstrates a direct relationship between 
light intensity and the rapidity with which viability is lost. 
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On the basis of the present experiments, it is probable that at low light 
intensity some of the nrediospores in the air remain viable for more than a 
month, but at moderate light intensities, with a daily maximum of 7000 foot- 
eandles, which may be expected in May and early June in Minnesota, most 
of the spores in the air lose their viability in 12 to 14 days. With greater 
light intensities it is estimated that the spores survive an even shorter time. 

In spite of the seemingly rapid loss of viability by most of the spores 
when light intensity is high, there would still seem to be a fair margin of 
safety for spore survival and for effectiveness of inoculum in an ordinary 
season. The heavy spore showers occur when days are long and bright, but 
the number of spores is generally so high that a small percentage of viable 
spores is sufficient to produce good rust infection. Furthermore, spores 
may be carried at a rapid rate by the prevailing winds, so that 1 to 3 days 
suffice for transfer of inoculum to new, far-distant, susceptible fields. 
Furthermore, although bright sunny days are expected in June, there 
usually are 1 or 2 cloudy days, or days of diffuse light, alternating with 3 to 
5 sunny days. It is not until July that we expect long stretches of days with 
bright sunshine and high temperatures throughout the Upper Mississippi 
Valley. 

High temperatures as well as intense light are detrimental to survival of 
nrediospores. In nature, however, it is doubtful if temperatures ever rise 
to such heights as were used in the experiments, and if they do occur during 
the growing season for cereals, seldom last very long. 

Survival of nrediospores after they are deposited on cereal foliage is 
another of the important aspects of the rust epidemiology situation. Al- 
though urediospores may survive several days in the air, several additional 
days may elapse after spores are deposited on cereal plants before sufficient 
moisture becomes available for spore germination and infection. It appears 
from the present study that deposited spores may be somewhat protected 
from the adverse effects of light and temperature and that many of them 
may survive on the dry foliage surfaces for longer than 4 days. 

It may be assumed, therefore, that in most seasons large percentages of 
the urediospores present in the atmosphere at a given time may lose their 
viability before there is opportunity for them to function as inoculum for 
new cereal plantings, but that relatively small proportions of the vast num- 
bers of urediospores serve to spread and perpetuate the rust. 
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INDEXING CHEREY YELLOWS ON PEACH 

E. M. Hildebeand 
(Accepted for publication December 10, 1941) 

INTRODUCTION 

In 1939, Keitt and Clayton (5) reported a bud transmissible chlorosis 
on Montmorency cherry (Prunus cerasus L.) in Wisconsin. This disease, 
characterized by yellow leaves and premature defoliation, probably had 
been present in the commercial districts of Wisconsin, Michigan, and 
New York (8) for at least 20 years prior to this discovery. The delay 
in identification is understandable when the various agents in the leaf -yellow- 
ing complex in sour cherries are considered — sprays, insects, drought, fertili- 
zation, fungi, mechanical injuries, and a virus. 

Cherry yellows spreads relatively slowly in orchards, probably through 
the instrumentality of a yet unknown insect vector. Moreover, it is not an 
aggressive disease (4, 6, 7) and does not kill the trees, but gradually reduces 
fruiting to a commercially unprofitable level. The yellowing and dropping 
of the older leaves in early summer each year causes a decline in tree vigor 
in which the spur system is markedly reduced until fruit bearing becomes 
confined principally to the previous season’s growth (Fig. 1, A). Since the 
fruit is often larger than normal, and of excellent quality, growers com- 
monly retain such trees, even after they become unprofitable producers. 

Cherry yellows has been found in nursery plantings (3). In the 
nursery, bud sticks for propagation purposes are ordinarily taken from 
the nursery and budded from row to row in succession year after year. 
Occasionally, however, bud sticks are collected in orchards. In any case, 
propagation of cherries takes place in late summer after the most conspicuous 
yellow-leaf drop stage has passed. Owing to these circumstances it is quite 
apparent how the yellows disease can get into nursery trees through the 
unwitting use of diseased scions. Besides there is the possibility of entry 
through the root stock. 

The New York control program for cherry yellows has thus far 
been confined to the elimination of the disease from the nurseries (3). 
With this end in view a two-fold program was undertaken in 1941 
involving: (1) the eradication of diseased plants already present in nurs- 
ery plantings, requiring the proper training and supervision of the horti- 
cultural inspectors and (2) the selection of disease-free propagation mate- 
rials, requiring the indexing and certifying of both scion variety and under- 
stock. Consequently, the development of a quick and reliable indexing 
technique for demonstrating the presence of the yellows virus in cherry 
was considered of paramount importance in the research program. 

preliminary experiments and observations 

It has been demonstrated experimentally and also observed in a nursery 
planting that cherry yellows propagates readily and produces symptoms in 
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the first yearns growth from the bad, that is, with the production of symp- 
toms in about a year’s time from budding. This corresponds to the rate of 
transmission in orchard trees (5, 6, 7) . While the details are being omitted 
for the sake of brevity, certain points deserve mention. On young nursery 
stock disease symptoms have a tendency to appear somewhat later in the 
season than on orchard trees, perhaps because nursery plants continue to 
grow later. Also on individual nursery plants symptoms may take the 
expression of many diseased leaves or be as inconspicuous as one chlorotic 
spot on a single leaf. In some cases first-year cherry grafts may first show 
symptoms as late as September; in others, trees presumably carrying the 
virus may show no symptoms the first year. 

Similarly it has been demonstrated both in the greenhouse and in an 
experimental planting that diseased cherry buds propagate the disease in 
seedlings and in at least one grafted variety of peaches. On the peach 
the symptoms ordinarily appear the year following budding, and the ex- 
pression consists primarily of a stunting in internodal growth, which crowds 
the leaves into clusters simulating rosettes. Following budding, areas of 
dead bark may appear in close proximity to the buds, and by the time symp- 
toms are showing the following season the shoots receiving the diseased buds 
may be entirely dead, presumably from the yellows virus. However, a 
similar necrotic condition, along with rosette symptoms, has been frequently 
induced on peach with buds from a ring-spot disease,^ a common contaminant 
in yellows-inf ected cherry orchards. 

Besides speeding up symptom expression, it was noted that when the 
inoculated shoots were pruned back to the neighborhood of the diseased bud, 
necrosis was intensified with the dieback condition extending down the stub 
several inches within a month from pruning. Manifestly, much more work 
is needed on this phase of the study before drawing conclusions. 

The discovery that the incubation period of yellow-red virosis on peach 
could be greatly reduced by a simple pruning technique (1) suggested test- 
ing this rapid transmission technique on cherry yellows (2), 

1941 Transmission Experiments 

Materials and Methods. Several test plants were used in this study. 
The so-called second-year Elberta peach trees were budded in the nursery 
and grown 1 year before being dug. The yearling peach seedlings had 
grown from seed one season in the nursery. After digging in late autumn 
they were potted and placed out doors for 2 months before forcing in the 
greenhouse. The yearling peach grafts were part of the same lot of 
seedlings that were budded to Elberta in early September. 

The small peach seedlings were started from seed (southern, natural) 
and ready for germination after storage for 10 weeks in moist peat at 5° C. 
After germination in sand, the seedlings were potted in soil and reached the 
desired height (about 18 inches) in approximately 18 weeks from the start 

1 Besides ring spot, the sour-cherry-virns complex probably involves still other diseases 
about which too little is known at present for reliable identification. 
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of the cold treatment. Lots of several hundred pits each were started at 
monthly intervals so as to provide a supply of seedlings throughout the year. 
The seedlings were selected f ornniformity and kept free from branches on 
the lower two-thirds of the stem prior to being used. 

Two severe insect pests — red spider and broad mite — encountered in the 
greenhouse were kept in check by a routine spray application of NNOR 
1-400 at weekly intervals during the summer months. No spray injury 
resulted from repeated use of this material when applied early in the day. 

The virus was obtained principally from diseased Montmorency cherry 
trees in Western New York, although inoculum for one of the transmission 
experiments also came from 3 other susceptible varieties. Depending on 
the season, it was taken from dormant and actively growing trees in nursery 
and orchard as indicated in the several experiments. The so-called ‘dis- 
eased sources^’ usually consisted of bud sticks obtained from separate trees 
in one or more orchards or nurseries. The dormant bud sticks were soaked 
in water for 2 days before use. 

The ordinary inoculation technique consisted in inserting cherry buds 
about midway up the stem of the growing peach seedling and wrapping with 
“sterilastic” bandage. For rapid transmissions (2) the stem was cut off 
1 node above the diseased bud from 0 to 7 days after budding. 

Results of Transmission Experiments 

Experiment 1. The first bud-transmission test from cherry to peach 
resulted in the production of ring-spot symptoms within 2 weeks from bud- 
ding. It employed second-year Elberta peach grafts and a variation of the 
rapid transmission technique, especially useful with older plants, which 
consisted of placing the dormant diseased cherry bud on one side of the 
stem between 2 rapidly growing young shoots. The plants had previously 
been pruned to about 12 inches above soil level when brought into the green- 
house and, after shoot growth started, all but the desired shoots were re- 
moved and the plants budded. Budwood from 3 different sources were 
each tested on 2 peach seedlings on March 6. Pour unbudded plants were 
kept as checks. Ten days later faint chlorotic rings were beginning to ap- 
pear on the leaves of one shoot underneath the diseased bud on one plant 
and by the 14th day became more definite. At the end of 20 days many of 
the chlorotic rings had become necrotic and symptoms were showing also on 
the shoot above the diseased bud (Pig. 1, D) . Only 2 of the 6 original plants 
showed these symptoms, and, as time passed, the chlorosis had not spread to 
the newer formed leaves and, although there was, in comparison to the checks, 
a marked stunting of growth on all 6 plants, stunting alone was not con- 
sidered a positive symptom. 

Experiment 2. An exploratory experiment was next conducted that 
resulted in the transmission of cherry-yellows virus from cherry to peach 
with, the production of rosette symptoms within a month from budding. It 
employed yearling peach seedlings as test plants and Montmorency cherry 




-A. ChM-aeteristic shoot condition late in July on a Montmorenov clierrv trcp 
severely affected with yellows. Four yellow leaves were removed Cthrmain wave of 
several weeks previously. B. Characteristic stunting or rosette symptoms on 
Tk,? pp weeks after buddmg from Montmorency cherry affected i^th^ yellows 

This^ condition persisted throughout the season. 0. Typical early staee Xotom^s of 

cherrV^ This *plant”f ns°***** induced on seedling peach three weeks after budding from 
cneny._ ibis plant was pruned on the day of budding. D. Chlorotic followed bv ^7 

cherr”Xted wSfyeXws'!’''®^ inoculation from Montmorency 
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bixdwood from 1 healthy and 16 diseased sources. Of the diseased samples, 
11 were from dormant trees collected in New York orchards, 4 from growing 
2;year-old cherry trees previously inoculated by grafting from 1 New York 
and 3 out-of“State sources, and 1 from a cherry yellows infected peach 
seedling in the previous experiment. 

On April 23, 3 seedlings were budded from each of 16 diseased trees from 
8 different orchard sources, and 8 from a healthy nursery source. The point 
of bud insertion was about 12 inches above soil level on either the main stem 
or a side branch. Seven days later 2 of the 3 trees receiving the diseased 
buds and all 8 receiving healthy buds Were cut back to 1 node above the 
inserted bud to induce new growth. For purposes of comparison, 9 yearling 
Elberta grafts received diseased buds from 1 source and at pruning time 3 
were left unpruned. 

Definite symptoms were first observed on 10 of the inoculated plants 18 
days after pruning or 25 days from budding. The new spurt of growth 
stimulated by pruning showed occasional leaves with chlorotic rings, some 
of which became necrotic and later fell out, leaving perforations. At this 
stage the internodal growth was already definitely shorter and the leaves 
smaller in the inoculated plants than in the cheeks. Subsequently, the 
chlorosis disappeared while the stunting of growth persisted. A rather 
marked rosette condition, which persisted throughout the season, is shown 
in figure 1, B. This plant was photographed on July 15 or slightly under 
3 months from budding. The stunted rosette condition was not always so 
marked as in this illustration nor the leaves so chlorotic. In some cases 
chlorosis was totally absent and resetting still very pronounced. 

Positive transmission, based primarily on the stunted rosette symptom, 
was obtained in 1 or more plants in 15 out of the 16 diseased sources tested. 
Three months from the start of the experiment symptoms were evident in 
no case in the unpruned inoculated trees or in the cheeks receiving buds 
from the healthy cherry sources. The uninoculated check trees all grew 
normally. 

Similar but less striking results were obtained with the Elberta peach 
grafts. However, only 2 of the 6 inoculated trees show'ed positive symp- 
toms. Since more of these plants were not available, the phase of the work 
with grafted varieties was discontinued. 

Of interest was the observation that both of the peach seedlings receiving 
diseased peach buds became diseased. This indicates that cherry-yellows 
virus can be transmitted from peach to peach. 

Experiment 3. The third bud-transmission experiment, which employed 
young 18-inch peach seedlings and the pruning technique, resulted in the 
production of positive symptoms in 23 days from budding. This experi- 
ment, which involved the indexing on peach seedlings of diseased cherry 
material from 4 sour-cherry varieties, gave more striking results than were 
obtained on the older seedlings in previous experiments. The cherry ma- 
terial used in this experiment was collected from 2 nurseries and 1 orchard 
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in July, and consisted of 7 diseased, 2 doubtful, and 1 healthy sources. Of 
the diseased-bud sources 4 were Montmorency, and 1 each of Early Eich- 
mond, Chase, and English Morello. The peach seedlings were started from 
seed and budded when they were large enough to receive cherry buds about 
midway on the stem or when about 18 inches tall Two trees received buds 
from each source. Four check trees received buds from the healthy source. 
Bud inoculations were made on July 25, and the tops were pruned back to 1 
node above the diseased bud on the following day. 



Fig. 2. Two diseased and one cEeek peaeL seedling showing the stunting or rosette 
symptom typical of what obtained four to six weeks after inoculation when the rapid 
transmission technique was used for indexing cherry yellows buds on peach. 


Disease symptoms were beginning to appear on the 21st day, and all the 
trees receiving buds from diseased cherry trees developed the typical symp- 
toms of chlorotic followed by necrotic rings and rosette. Negative results 
were obtained in the 2 eases with doubtful material and in the 4 cheeks. A 
typical rosette condition at the end of 4 weeks is shown in figure 2. Note 
the difference in length of growth between the diseased trees and the cheek. 
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Experiment 4. In experiment 4 the bndwood was colleeted from 6 dif- 
fereiit cherry orchards in August and tested on small i3each seedlings, as in 
experiment 3, with similar results (100 per cent infection). Three trees 
were budded from each of 6 diseased and 1 healthy sources. Pruned unin- 
oeulated cheek trees also -were included. The plants were budded on Au- 
gust 19, pruned back to 1 node above the diseased bud 5 days later, and 
were showing the charaeteristie early symptoms of chlorotic ring spot and 
rosette within 3 weeks. The plants receiving the buds from the healthy 
source grew normally. All yellows buds used in this experiment came from 
known severely diseased trees. While removing the leaves long pedical 
stubs were left to mark the location of the yellow leaves on the bud sticks, 
and buds from these locations were used exclusively. 

Experiment 5. The fifth indexing experiment tested 3 sources of dis- 
eased buds from orchards each budded on 5 different seedlings with results 
practically identical to those obtained in experiment 4. The 5 trees receiv- 
ing healthy buds were negative. 

Experiment 6. The final indexing experiment involved budding 2 trees 
each from 2 sourees — 1 diseased and 1 healthy — and pruning immediately 
afterward. The buds were inserted on September 18 and the first symp- 
toms, consisting of chlorotic rings and rosette, were evident 17 days later. 
Pruning immediately after budding seemed definitely to have shortened the 
incubation period in this experiment. One of these diseased seedlings, 
photographed at the end of 3 weeks, showed typical early stage symptoms 
(Fig. 1,0. 

Thus, by means of the rapid transmission technique, it has been found 
possible to collect cherry budwood from trees showing yellows symptoms 
and to -index and, therefore, certify as to the presence or absence of cherry- 
yellows virus within a month’s time. 

Because of its rapidity this technique has made it possible to select 
sources of propagation material in early summer and then to index same 
so as to obtain results before the regular budding season late the same 
summer. 

After the initial chlorosis, which usually disappears, the severe stunting 
or rosette condition ordinarily persists throughout the remainder of the 
season (Pig% 1, B). However, there were exceptions in which the initial 
symptom stages w^ere follow^ed by a partial recovery suggesting some varia- 
bility in the virus itself. Infrequently some stunting occurred in oecasiohal 
peach seedlings receiving buds from apparently healthy cherry trees. To 
further complicate the picture, stunting has also been induced in peach seed- 
lings by several other cherry viruses now under investigation. It is obvious, 
therefore, that much additional work will he needed to clarify the broader 
problem of cherry viruses. , * 

Apparently the rapid transmission technique has definitely demonstrated 
its reliability for identifying severely diseased trees, but it will remain for 
future studies to determine its accuracy and reliability Avith cherry trees in 
the early stages of disease. 
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This technique, because it is not exacting for materials, space, or time, 
should prove generally useful for greenhouse studies, and probably for 
outdoor work, with proper care and attention to details. It also has possi- 
bilities ill studies on other viroses (2). 

SUMMARY 

The cherry-yellows virosis has been transmitted by budding and grafting 
from diseased to healthy cherries with the production of definite yellow-leaf 
symptoms within approximately 1 year. 

It also has been transmitted by budding in late summer from diseased 
cherries to healthy peach seedling trees with the production of dieback and 
a stunting rosette condition the following growing season. "When the shoot 
above the bud was removed from 4-year-old Elberta peach trees, about a 
week after budding, instead of inducing new shoot growth the stub died 
back several inches below the diseased bud within a month from the pruning 
operation. 

In the first indexing experiment, which involved placing diseased cherry 
buds between two rapidly growing shoots on cutback second-year Elberta 
peach grafts, chlorotic ring-spot symptoms were induced within 2 weeks 
from budding. 

Buds from cherry trees affected with yefllows indexed on yearling peach 
seedlings and cut back to 1 node above the diseased bud, resulted in the 
production of symptoms consisting of ring spot and rosette within a month 
from budding. 

When repeated on small 18-ineh-tall seedlings, shorter incubation periods 
of about 3 weeks were obtained in 4 different experiments. 

This rapid indexing technique offers promise in advancing the work on 
cherry yellows and, in some modification, also may prove generally useful in 
studies on other stone-fruit viruses. 
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AN UNUSUALLY VIRULENT RACE OP WHEAT STEM 
RUST, NO. 189 

G . G A E C I A - E A D A , J . V A L L E G A , W . Q . L 0 E G E R I N G , 

A N D E . C . S T A K M A N 1 

(Accepted for publication December 18, 1941) 

A hitherto iindescribed race of Puccinia graminis tritici, extraordinarily 
interesting and important in several respects, has been identified from rusted 
Khapli emmer collected in Peru. This race, numbered 189 in the key of 
Stakman and Levine (7, 8), can cause heavj^ infection on all the differential 
wheat varieties used in identifying races. No other known race has this 
ability, the nearest approach being race 15, which attacks all but Khapli 
emmer. Pour other races, Nos. 41, 42, 72, and 99, can cause moderate to 
rather heavy infection on seedlings of Khapli, but only under very favorable 
environmental conditions. Race 72 causes a type-X infection, indicating a 
considerable range in size of uredia; race 99 produces type 3, which indi- 
cates moderate susceptibility; and races 41 and 42 produce type 3 to 4, 
usually with pronounced chlorosis or even a tendency to necrosis around the 
uredia. None of these 4 races have been found in nature in the United 
States or Mexico. Race 41 wasAsolated from Egypt; race 72 has been ob- 
tained only from artificially made crosses in the greenhouse ; and race 99 has 
been isolated only from South Africa, by Verwoerd (12). Race 42 was first 
isolated by Stakman and Levine from rusted wheat grown in Egypt and. 
was subsequently found by Vallega (10) to be rather common in Argentina 
and neighboring regions. In studying factors affecting the development of 
this race on Khapli, Vallega found that it caused a wide range in infection 
type, both on seedlings and adult plants, depending on environmental con- 
ditions ; it causes really heavy infection only under optimum temperature 
and light conditions. Race 189, on the other hand, does not require espe- 
cially favorable conditions but can attack seedlings and adult plants of 
Khapli heavily under a rather wide range of conditions. It also can attack 
seedlings and adult plants oi Triticxim timopheevi^ hitherto resistant to vir- 
tually all races, and is quite virulent on Hope wheat, one of the most gen- 
erally resistant of all adequately tested varieties. 

That race 189 is of practical importance is shown by the fact that Khapli 
emmer, grown commercially for a number of years in coastal regions of Peru 
because of its resistance to stem rust when other varieties tested were sus- 
ceptible, has been very severely injured by rust for at least two successive 

1 The experiments on which the results reported in this paper are based were made 
cooperatively by G. Garcia-Eada, of the Estaeion Experimental Agricola de La Molina, 
Lima, Peru; J. Vallega, of the Institute Eitoteenico, Llavallol, E. C. S., Argentina; and 
members of the Division of Plant Disease Control, Bureau of Entomology and Plant 
Quarantine, D. S. Department of Agriculture, cooperating with the Minnesota Agricul- 
tural Experiment Station. 

The writers are indebted to Dr. M. K. Levine and Dr. E. A. Ausemus for help in 
obtaining some of the data for the paper. 

Published as paper No. 1920 of the Minnesota Agricultural Experiment Station. 
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years. Several years ago Abbott (1, 2, 3) stated that Khapli emmer and 
Hope wheat might rust heavily in Peru. He concluded that a new and un- 
usually virulent race of Puccinia graminis tritici was present, as all the dif- 
ferential varieties of Stakman and Levine were susceptible when inoculated 
in the greenhouse with rust from Khapli emmer. Several attempts were 
made later to identify this Peruvian rust at the Federal rust laboratory, 
St. Paul, Minn., but the spores were nonviable in all the collections obtained. 
In 1939 one of the writers (Garcia-Rada) called attention to the fact that 
Khapli had been severely injured by rust in certain wheat-growing localities 
in the coastal region of Peru (Fig. 1). In the same year he sent uredial 


Fig. 1. Khapli emmer, resistant to rust in Minnesota (left) and damaged by rust 
in Peru (right). 


material to Yallega at tlie Instituto Fitotecnico at Llavallol, F. C. S., Argen- 
tina, and to the Federal rust laboratory at St. Paul, Minn. Infection was 
obtained with the material sent to Argentina, but spores of the sample sent 
to St. Paul were not viable on arrival. The infection types produced on the 
differential varieties by the rust sent to Argentina were as follows:^ 


^ 2 In the system of Stakman and Levine (7), infection types range from 0 to 4, 0 indi- 
cating immunity, 1 and 2 indicating resistance, and 3 and 4 indicating susceptibility. 
The uredia in type 4 are larger than those in type 3 and have a greater tendency to 
coalesce. Sometimes there are imperceptible gradations between types, especially types 
3^ and 4, and the deviations from the standard of the type are shown by plus or minus 
signs. The letter c^ simply shows that there were pronounced chlorotic areas around 
uredia. There is a sixth type, designated X, in which individual uredia represent a con- 
siderable range of types. 
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Hooda 4 

Marquis 4 

Beliance 4 

Kota 3 + 

Arnautka 4 

Miiidum 4 


a Substitute for Little Club. 


Spelmar 4 

Kubanka 4 

Acme 4 

Eiiikorii 4 

Vernal 4 

Kbapli 4c 


It was evident from these infection types that the collection comprised 
anew physiologic race (11). In September, 1940, one of the writers (Stak- 
man) visited the experiment station at Lambayeqne, Pern, at the suggestion 
of Gareia-Rada, and was shown heavily rusted plots of Khapli emmer, Hope 
wheat, Triticum timopheevi, and several other varieties that had been highly 
resistant for a number of years in many widely separated geographic re- 
gions. Some of the *rusted Khapli was sent by airmail to St. Paul, Minn., 
through the Division of Foreign Plant Quarantines, Bureau of Entomology 
and Plant Quarantine, U. S. Department of Agriculture, and inoculations 
were made later when there was no danger of spores being disseminated to 
growing vegetation. A pure culture was obtained of a race that attacked 
all the differential varieties heavily, thus agreeing with Yallega’s results and 
confirming Abbott ^s earlier conclusion regarding the existence in Peru of 
an unusually virulent race, to which the number 189 has now been assigned 
(Pig. 2)., 



P\>CCINtA GRAMtNtS TRUlCt 


met 


Fig, 2. The effect of race 189 on the differential host plants. 


Although the work with this collection was done during the dormant 
season, so that there was no opportunity for spores to be blown to growing 
vegetation, every possible precaution was taken between the arrival of the 
. collection and the time when it was completely discarded. All inoculated 
plants and the soil and pots in which they were grown were disinfected in a 
large steam sterilizer under 15 pounds of pressure for 2 hours. Inocula- 
tions were made in an isolation booth, and the greenhouse benches, parti- 
tions, and walls of the isolation booth were dusted with sulphur and later 
washed with copper sulphate solution. 

Race 189 is very virulent not only on seedlings in the greenhouse but also 
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on adult plants in the field. Seedlings of about 50 resistant varieties and 
selections recently produced in the United States were at least moderately 
susceptible when inoculated in the greenhouse. More important, however, 
is the ability of race 189 to cause heavy damage, in the field, to adult plants 
of varieties such as Khapli, Hope, and Triticiim timopheevi that have adult- 
plant resistance in addition to their protoplasmic resistance to many physio- 
logic races. As far as the writers are aware, Khapli, for example, has not 
been rusted heavily anywhere except in Peru, where in some years and 
localities it would have been considered a completely susceptible variety by 
any one unfamiliar with its record elsewhere. It is true that weather con- 
ditions for rust development are likely to be favorable in the coastal region 
of Peru because of the abundance of fog ; but the most important factor in 
the susceptibility of Khapli and other hitherto resistant varieties seems to 
be the presence of race 189. 

Stakman and Hart (6) emphasized the fact that the resistance of wheat 
varieties to stem rust, especially in the field, is determined by a complex 
series of interacting factors, genetic and environmental, involving the host, 
the particular race of the pathogen, and the interaction between the two. 
It is evident that certain otherwise resistant varieties cannot withstand the 
combination of a veiy virulent rust race and favorable rust weather in at 
least part of the coastal region of Peru. Possibly it is futile to attempt to 
assess the relative responsibility of the weather and of the pathogen. Obvi- 
ously, even so virulent a race as 189 requires favorable weather for infection 
and subsequent development, but even the most favorable weather will not 
enable nonvirulent races to attack resistant varieties. Khapli emmer, for 
example, has remained resistant in the United States from 1914 to 1941, 
inclusive, even in the most devastating natural and artificially induced stem 
rust epidemics. 

Khapli was introduced into the United States from India in 1908 (4), 
has been tested in certain experimental plots and rust nurseries for about 
30 years, and for about 20 years has been grown in the uniform rust-observa- 
tion nurseries of the U. S. Department of Agriculture at an average of about 
50 stations in different regions of the country. Furthermore, there are rec- 
ords of its performance in or adjacent to the rust-breeding nursery at Uni- 
versity Farm, St. Paul, Minn., each year from 1914 to 1941, inclusive.^ In 
this nursery, epidemics are induced artificially by inoculating with most of 
the races of wheat stem rust that occur in nature in the United States. And 
yet the rust readings on Khapli, even under such exceptionally severe con- 
ditions, have been ^ Grace’’ every year except 1916, 1922, 1925, and 1926. 
In 1916 the reading was 50 =b per cent, while that for the susceptible Little 
Club was 95 per cent; in 1922 the reading was lOE, and in 1925 and 1926 it 

was 5E. The figures represent the percentage of what is considered the 

«• 

s CooiDerative investigations between tlie Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, and the Division of Agron- 
omy and Plant Genetics and Division of Plant Pathology and Botany, Minnesota Agri- 
cultural Experiment Station. 
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maxina'am possible number of pustules, and indicates ‘^resistant/’ In 
only one year of the 28, then, was there a really appreciable amount of rust 
on Khapli. In 1916, when one of the worst epidemics on record developed 
in the spring- wheat region of the United States, there were about half as 
many pustules on Khapli as on the most susceptible varieties, but they were 
small. 

One of the writers (Stakman) has studied and observed Khapli for more 
than 30 years. It was one of the varieties studied in early attempts to learn 
something about the nature and variability of resistance (5) and is one of 
the differentials used in identifying physiologic races. During the past 20 
years seedlings of Khapli have been inoculated with rust from more than 
10,000 collections of wheat from the United States and Mexico, but have 
been highly resistant to every one of them. Khapli has therefore been in- 
oculated with all physiologic races identified during that time but has not 
been susceptible, even in the seedling stage, to any race ever found in nature 
in the United States and Mexico. Furthermore, the same writer has seen 
Khapli in field plots at many widely separated stations in many different 
years in the United States but has never seen large pustules or evidences of 
injury. Environmental conditions certainly have been favorable for the 
development of rust in the thousands of tests in the greenhouse, because 
susceptible varieties rusted heavily ; conditions were favorable for rust de- 
velopment in the rust nursery at St. Paul, Minn., where there has been an 
epidemic, artificially induced and fostered, each year for many years ; and 
there have been several devastating and widespread natural epidemics and 
a number that were destructive locally. Obviously, then, Khapli has been 
very extensively tested against North American rust races, often under ideal 
conditions for rust development, and has been one of the most highly and 
consistently resistant, along with Hope and Triticum Umopheev% of all 
varieties tested. 

The complete susceptibility of Khapli in Peru, therefore, appears to be 
due primarily to the prevalence of the especially virulent race 189, and the 
same appears to be true of Hope wheat and Triticum timopheevi. This sup- 
ports the conclusion that, although some varieties of wheat have a combina- 
tion of factors for resistance that enables them to withstand destructive 
attacks of stem rust in most seasons and in most regions, nearly all known 
varieties may sometimes become more or less heavily rusted by some rust 
races, in some regions and under certain combinations of environmental con- 
ditions. Consequently .the importance of continuing the attempt to find and 
combine the most generally effective genes for resistance to stem rust seems 
obvious.^ 

Race 189 has been found only in Peru, where it appears to be distributed 
in the coastal region from Lambayeque on the north to Lima on the south. 

appears now that a few hybrid selections are at least partly resistant in Peru, 
even in the presence of race 189, the most generally virulent race of wheat stem rust now 
known ; but further tests are needed, and, in any ease, a detailed account of varietal 
behavior is beyond the scope of the present paper. 
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Whether it is more widespread in Pern is not known. It has not yet been 
found elsewhere in South America and has never been isolated either from 
wheat or barberry bushes in the extensive physiologic-race surveys that have 
been made annually in the United States for about 20 years. It seems un- 
likely that it would have been missed had it been present even in small 
amounts. Supporting evidence that it does not occur in North America is 
the fact that Khapli emmer has been resistant for about 20 years in approxi- 
mately 50 uniform rust nurseries in widely separated places in the United 
States. 

Whether urediospores of this very virulent and dangerous race can be 
carried by the wind from Peru to other countries of South America or to 
North America is an important question. If it is now restricted to the 
coastal region of Peru, the Andes mountains constitute a formidable but not 
necessarily impassable barrier to its eastward spread. As the present distri- 
bution seems to be south of the equator, the likelihood that inoculum might 
be blown to North America may seem somewhat remote, although it is pos- 
sible that the rust might spread northward across the equator by easy stages 
on grains or grasses at high elevations and become established in northwest- 
ern South America, from which spores might possibly be carried by the wind 
to Central America, Mexico, and grain-growing regions of the United States 
and Canada. In any event it seems important to ascertain the extent to 
which urediospores are disseminated by the wind in equatorial regions and 
particularly whether they can be carried from one continent to another. 

Nothing is known regarding the time and mode of origin of race 189. 
There is circumstantial evidence that it has been present in Peru for at least 
15 or 20 years, possibly longer. New races of Puccinia graminis are known 
to result from recombinations in the sexual stage on Berheris spp., the alter- 
nate hosts of the rust. Native barberries are numerous in certain parts of 
the Sierra of Peru and they are now known to become infected. Although 
they may not be important in* initiating annual outbreaks of rust, it seems 
certain from experience elsewhere (9) that they probably are important in 
the perpetuation of physiologic races and the production of new ones. Race 
189 never has been isolated from the aecial stage on barberries in North 
America nor has it been obtained from artificial crosses. Possibly the com- 
bination of genes represented in this race is rarely made. On the other 
hand, it has been made and may be made again. At all events, the existence 
of so virulent a race is definite confirmation of the statement so often made 
in the past that nature can produce very virulent races of rust just as man 
can produce very valuable varieties of wheat. Therefore, it is important to 
study the prevalence and distribution of physiologic races, eradicate the 
alternate host where feasible, and continue breeding work to find and com- 
bine genes for resistance in the most effective manner possible. 
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A STEM'-END EOT OF POTATO TUBEES CAUSED BY 
EHIZOCTONIA SOLANF 

F.S. Thatchers 
(Accepted for publication December 5, 1941) 

Bhizoctonia solani is widely considered to be a species comprised of many 
physiological races, and is recognized as a parasite of an nnnsiially extensive 
host range. Nevertheless, reports of the decay of normal potato tubers by 
this organism are uncommon. Shapovalov^ has described a ^ ‘ stem-end decay 
of the jelly type’’ caused by Bhizoctonia solani, but in this instance each 
affected tuber was one with an abnormally elongated stem-end, the decay 
being confined to this region, which was characterized by ‘‘a striking defi- 
ciency in starch. ’ ’ Since preparation of this paper, Storey^ mentions having 
isolated B. solani from a 'Huber showing jelly-end-rot,” but was unable to 
duplicate symptoms by artificial inoculation. 

Potato tuber specimens showing a stem-end decay of a "punky” consis- 
tency were submitted recently to the writer from a locality in Prince Edward 
Island. Bhizocionia solani was isolated from these specimens and its patho- 
genicity proved by inoculation tests. 

The disease apparently originated at the stolon scar, involving paren- 
chyma tissue radially from that point for a distance of 1 to 3 cm., and was 
finally evident as a dark necrosis with an abrupt margin. The external 
appearance of the specimens was thus strongly suggestive of the stem-end 
rot caused by Fusarmm solani var. eumartii (Fig. 1, A~C). 

When first examined, the necrotic tissue was of a resilient, "punky’’ or 
"cheesy” consistency. On exposure to laboratory air the lesions* soon 
became sunken and, whenever the periderm was broken, the diseased tissue 
dried out quickly and shrivelled. 

The microscope reveals the typical brown hyphae of the pathogen dis- 
persed among the cells of the diseased parenchyma tissue. Ultimately, the 
progress of the fungus is restricted by extensive phellogen formation in the 
healthy tissue just beyond the margin of the necrotic zone (Fig. 2, A and 
B). The phellogen, and the suberized cells developing from it, are not 
always effective as a barrier, in which case the lethal action of the fungus 
continues until another phellogen layer surrounds the secondary necrotic 
region (Fig. 2, B). In the specimens examined the cell walls of the more 
recently invaded tissues were intact, but necrotic cells a few cell diameters 
away from the border of the affected region had undergone cell wall disinte- 
gration to such an extent that the residuum was little more than a mass of 

1 Contribution No. 687 from tbe Division of Botany and Plant Patkology, Science 
Service, Department of Agriculture, Ottawa, Canada. 

2 Junior Plant Pathologist. 

3 Shapovalov, M. BMsoctonia solani as a potato-tuber rot fungus. Phytopath. 12 ; 
334-336. 1922. 

4 Storey, I. P. A comparative study of strains of Bhizocionia solani (Kiihn) with 

special reference to their parasitism. Ann. Applied Biol. 28: 219-228. 1941. 
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Fig. 1. A-C. Stem-end decay caused in the field by HMsoctonia solani. x f. 
D-F. Stem-end decay caused by JS. solani following artificial inoculation; tuber kept in 
wet sand at 15-20° C. after inoculation. E. Tuber held at 5° C. after inoculation. 

Sections from tissue embedded in paraffin reveal that the tracheids are 
the probable path of entrance of the pathogen. Hyphae were found to be 
plentiful within the lumina of tracheids present in the vascular bundles 
leading from the stolon sear, the hyphae sometimes being detected in the 
tracheids in tissue beyond any visibly necrotic parenchyma. At intervals 
along the path of the bundle the hyphae escape from the tracheids via pits 


starch grains, of which there was the normal complement. There was no 
indication that the fungus induced hydrolysis of starch grains, as is evident 
in figure 2, D. Figure 2, A and B, illustrate clearly the disintegration of 
cell walls, which is the change that probably accounts for the ^ Spunky’’ 
nature of the necrotic mass. 
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into parenchyma cells, whence typical cell degeneration occurs. This ex- 
plains the fact that the furthermost regions of disintegrating parenchyma 
are evident as short cones of necrotic tissue centered about groups of infected 
tracheids. Blikoctonia mycelium within the lumen of a tracheid is seen in 
figure 2, C. 

Very wet and cool weather prevailed just before harvest in the locality 
in which the diseased specimens had been found. Under these conditions 
of low temperature and low oxygen-tension (the latter brought about by the 
soil being saturated with water), a wound periderm is formed very slowly 
at the stolon scar and the ends of the vascular bundles leading from the 
stolon are not effectively occluded. Hence, the Bhizoctoniu hyphae are able 
to grow from the decaying stolon into the tuber tissues and are able to con- 
tinue growth until such time as conditions favor wound-periderm formation. 
The appearance of the specimens seemed to indicate that this was not com- 
plete at time of digging. 

The results from pathogenicity tests support the suggestion that B. solani 
can cause decay in the potato tuber unless prevented by rapid wound- 
periderm formation. Green Mountain tubers that had been in storage for 
a month were inoculated by inserting mycelium from a 2- week-old culture 
growing on potato-dextrose agar into a small incision made at the stolon 
scar. Some of the tubers were kept in moist chambers held at temperatures 
of 5, 14, and 20 degrees C. ; others were covered in very wet sterile sand, kept 
at from 15° to 20° C. Typical symptoms developed in the tubers held at 
5° C. and in those kept in the wet sand (Pig. 1, D~P) . Under each of these 
conditions periderm formation would be slow. Tubers in the moist cham- 
bers held at 14° and 20° C. developed only a slight degree of ^‘Stem-end 
browning.’’ ^ 


FURTHBE STUDIES ON THE TEMPERATURE RELATIONS OP 
SCLEROTIAL ISOLATES OP RHIZOCTONIA 
SOLANI PROM POTATOES^ 

E.L. LeClerg, L. H. Pers on , and S. B. Meadow 32 
(Accepted for publication March 13, 1942) 

INTRODUCTION 

Previous investigations^ on the relation of temperature to radial growth 
on artificial media of 20 isolates of RMzoctonia solani Kiilm from sclerotia 
on potato tubers indicated an optimum at 25° C. or lower. Under identical 
conditions, the optimum temperature for 19 of 20 crown-rot isolates from 
sugar beets was 30° C., one isolate growing slightly faster at 25 C. In 
further work,^ it was found that the optimum temperature for radial growth 
of dry-rot isolates from sugar beets was also 30° C., whereas it was 25° 0. for 
4 additional sclerotial isolates from potato tubers. 

One of the writers (Person) had occasion to isolate this fungus from 
sclerotia on a large number of potato samples from several States producing 
certified-seed. These isolates formed the basis for this study, which was 
made to supplement the investigations mentioned above. 

EXPERIMENTAL RESULTS 

The influence of temperature on radial growth of 63 sclerotial isolates 
from potatoes, two crown-rot isolates from sugar beets, and 2 dry-rot canker 
isolates from sugar beets was studied at 20, 25, and 30° C. The data pre- 
sented are averages of duplicate tests each of which consisted of 2 cultures 
on potato-dextrose agar at each temperature. Agar discs, of a uniform size 
cut out with a sterilized cork borer, were used for inoculum. 

Prom the data in table 1, it appears that 25° C. was the optimum tem- 
perature for all of the potato sclerotial isolates. The optimum temperature 
for the sugar-beet crown-rot and dry-rot isolates, however, was 30° C. These 
results confirm those previously reported.^ 

In making isolations of sclerotia from tubers more than one selerotium 
from a tuber was planted on agar. In table 2 is indicated the radial growth 
on potato-dextrose agar of two isolates from each of four potato tubers at 
20°, 25°, and 30° C. It is apparent that sclerotial isolates from the same 
tuber may differ in rate of radial growth at the several temperatures. 

1 The data herein presented were obtained in cooperative investigations by the Divi- 
sion of Pruit and Vegetable Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture and the Departments of Botany, Plant Pathology, and Bac- 
teriology, and of Horticultural Eesearch of the Louisiana Agricultural Experiment 
Station. 

2 Pathologist of the Division of Pruit and Vegetable Crops and Diseases, United 
States Department of Agriculture, Assistant Pathologist of the Louisiana Agricultural 
Experiment Station, and Agent of the Division of Pruit and Vegetable Crops and Dis- 
eases, United States Department of Agriculture, respectively. 

3 LeClerg, E. L. Comparative studies of sugar-beet and potato isolates of RMzoc- 
ionia solani. Pliytopath. 31: 274-278. 1941. 

4 LeClerg, E. L. Studies on dry-rot canker of sugar beets. Phytopath. 29; 793-800. 
1939. 

5 See footnotes 3 and 4, 
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TABLE 1. — Optimum-growth temperature for isolates of lihizoctonia solani from 
sclerotia on potatoes and from croum-rot and dry-rot lesions of sugar heets, as indicated 
hy the number of isolates with maximum radial growth at the indicated temperature 



Number of 

Number of isolates with optimum 

Source 

isolates 

temperature at 


tested 

20° C. 

25° C. 1 30° C. 


Selerotial isolates from potatoes 


Nebraska 

38 

0 

38 

1 0 

North Dakota 

18 

0 

18 

I 0 

Maine 

4 

0 

4 

1 0 

Colorado 

2 

0 

2 

1 0 

Michigan 

1 

0 

1 

0 


Crown-rot isolates from sugar beets 


Michigan 

Ohio 

1 

1 

0 

0 

0 

0 

1 

1 

Dr 3 "-rot isolates from sugar beetsa 

California 

1 

0 

0 

1 

Ohio 

1 

0 

0 

1 


a Tbe writers are indebted to Dr. J, E. Kotila for the dry-rot isolates from sugar beets. 


TABLE 2.-^Comparative radial growth at 3 different temperatures of two isolates 
of JRMzootonia solani obtained from different sclerotia on each of four potato tubers 


Source of 

Tuber 

Average colony diameter (mm.) 

tuber 

number 

20° C. j 

25° G. 

30° 0. 

Nebraska 

2a 

45.0 

56.0 

50.2 


2 b 

36.2 

46.5 

23.5 

Nebraska 

32a 

46.0 

58.2 

46.2 


32b 

60.5 

62.5 

44.0 

North Dakota 

5a 

55.7 

62.2 

46.5 


5b 

55.0 

57.5 

43.0 

North Dakota 

12a 

56.2 

61.2 

44.7 


12b 

47.5 

54.0 

51.7 


SUMMARY 

Comparative studies were made to determine tlie optimum temperature , 
for radial growth on potato-dextrose agar of 63 isolates of Bhizoctonia solani 
from sclerotia on potato tubers. Two crown-rot and 2 dry-rot canker isolates 
from sugar beets also were used. Determinations were made at 20°, 25°, 
and 30° C. 

It was found that potato selerotial isolates made the greatest radial 
growth at 25° C. The isolates from the two types of sugar beet lesions grew 
best at 30° C. These results confirm those previously reported by the 
senior writer. 

U. S. Department OF Agriculture 

AND 

Louisiana Agricultural Experiment Station^ 

Baton Rouge, Louisiana. 


PRELIMINAEY INVESTIGATIONS ON MECHANICAL. 
INJURY IN FLAX SEED^ 

J.E. MachacekandA. M. Brown 
(A ccepted for publication Mareli 4, 1942) 

An examination of a large number of flax-seed samples in 1940 revealed 
that practically all of those originating in Manitoba, Saskatchewan, and 
Alberta were so damaged through a cracking of the seed that, on the average, 
about half the seeds failed to germinate. Seed samples from Ontario, Quebec, 
and the Maritime Provinces usually were not injured at all. In 1941, there 
was less cracking of the seed, but the amount of damage was again greater 
in Western than in Eastern Canada. This injury to flax appeared to be 
similar to that described, respectively, by Stevens^ and by HarteP for the 
United States and Germany. 

The cracking of the seed was observed to occur during threshing, the 
available evidence indicating that the damage was likely to be most severe 
when the crop was threshed in very dry weather. Ordinarily, the cracks 
were invisible to the unaided eye, but sometimes their presence was indi- 
cated by broken or chipped seeds. Many samples, grading high in com- 
merce, were found to be badly damaged. Large-seeded varieties seemed 
to be more subject to injury than were small-seeded varieties. 

When samples containing cracked seeds were planted in the greenhouse 
in beds of nonsterile soil, such seeds either failed to germinate or produced 
stunted, distorted plants, thus causing a reduction in stand, which seemed 
attributable to the rotting of cracked seed by soil-inhabiting micro-organ- 
isms. The rotting did not occur when the seed was germinated on moist 
paper, as in oflScial tests, or in autoclaved soil. Soil temperature within the 
range of 10-30° C. appeared to have no effect on the amount of seed rotting 
in nonsterile soil, but the rotting was less when the seed was sown in light 
soils than in heavy soils. 

Disinfection of the seed with Ceresan or Half-ounce Leytosan completely 
prevented the rotting of, cracked flax seed in nonsterile soil. The most effec- 
tive rates of application for these dusts were found to be IJ ounces per bushel 
for Ceresan and 2 ounces per bushel for Half-ounce Leytosan. The average 
germination, for 362 flax samples collected in 1940 and 1941, was about 
doubled by this treatment. In seedlings from cracked but treated seed, the 
only evidence of former injury to the seed was found on the cotyledons, 
which were scarred where the seed had been cracked. 

Field experiments, in 1941, with 8 varieties of flax obtained from each of 

1 Contribution No. 697 Botany and Plant Pathology, Science Service, Department of 
Agriculture, Ottawa, Canada. 

2 Stevens, 0. A. Germination studies on aged and injured seeds. Jour. Agr. Kes. 
[U. S.] 51: 1093-1106. 1935. 

3 Hartel, K. uber druschverletzten Lein und keimverletztes Getreide und ihre 
Beurteilung bei der Beinheitsbestimmung. Oompt. Bend. Assoc. Internat. d^Essais de 
Semences 2: 213-223. 1936. 
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6 different stations showed that the cracking of the seed influenced the 
density of stand in the same way as it did in the greenhouse. The reduction 
in stand was proportional to the amount of seed cracking. The planting of 
cracked seed also reduced the yield of grain, but the amount of this reduction 
seemed to be affected by the location of the experiment. At Winnipeg, for 
instance, yields were not reduced when less than 20 per cent of the seeds 
were cracked. At Morden, Manitoba, where growing conditions for flax were 
less favorable than at Winnipeg, this amount of cracking reduced the yield. 
In both cases, the disinfection of cracked seed raised the yield to the level in 
the crop from undamaged seed. To illustrate the effect of seed disinfection 
on cracked seed, the results obtained from duplicate experiments at Winni- 
peg and Morden are shown in table 1. In these experiments, 3 different seed 
lots of Redwing flax were sown in l/lOO-acre plots arranged in a Latin 
square. Pull competition from weeds was allowed. 

TABLE 1. — The effect of seed disinfection with Ceresan (11 ounces per hushel) on 
seed germination and yield in three lots of flax seed showing different degrees of mechani- 
cal injury 


Percentage increase from seed treatment 


Seed 

sample 

Germination 

Yield 

Laboratory 

Field i 

(Winnipeg) 

Field 

(Morden) 

Vyinnipeg 

Morden 

A 

41.0 

17.1 

58.3 

0.0 

20.0 

B 

91.0 

; 33.1 

85.8 

6.0 

33.5 

C 

174.0 

38.9 

92.2 

12.5 

45.5 


The results of this preliminary inyestigation suggest that, in comparative 
tests of varieties, it is important to plant undamaged seed or, if the seed is 
damaged, treated seed. In comparative tests of disinfectants, either me- 
chanically-injured or diseased seed should be used, A sample of seed of a 
desirable variety may be sufficiently damaged to lower its ordinary yield, 
while in tests with seed disinfectants, the use of different lots of seed is likely 
to give conflicting results. 

Dominion Laboratory of Plant Pathology, 

Winnipeg, Manitoba. 



PHYTOPATHOLOGICAL NOTES 


A Blue-staining Fungus Inhahiting the Heartwood of Certain Species of 
Conifers.^ — There are few records of bluestain in the heartwood of living 
trees. Lagerberg, Lnndberg, and Melin^ reported stain in the heartwood 
of a single living spruce tree {Picea excelsa) . They isolated the causal or- 
ganism and on the basis of cultural characteristics and the formation of small 
hyaline spores described it as a new species of Hormodendrum, H. micro- 
sporum (Lagerberg and Melin) . Kanfert,^ in 1935, reported bluestain in 
the heartwood of approximately 10 per cent of overmature balsam fir trees, 
the fungus apparently entering through dead branch stubs. CrowelP later 
described a dark bluestain occupying most of the heartwood of a single 
specimen of white spruce and one of balsam fir, and he stated that when 
pieces of wood were kept in a moist chamber for 5 weeks, mycelium grew out 
of the stained wood but formed no spores. His excellent illustration leave 
little doubt that he was dealing with the same fungus previously mentioned 
by Kauf ert and discussed in the present note. Scheffer and Lindgren® state 
in a footnote that, . . also certain uncommon bluestains have been en- 
countered developing only in the heartwood of living trees. ’’ 

During the last few years the writers have cut and dissected more than 
50 northern white cedar trees {Thuja occidentalis) in the forests of Northern 
Minnesota, and have found bluestain in the heartwood of every one. It 
usually is in streaks above and below branches or branch stubs, and some- 
times occupies a considerable volume of the heartwood. Numerous isola- 
tions from the stained wood have in almost every ease yielded a non-sporu- 
lating, very slow growing fungus with dark hyphae, which is the organism 
chiefly or solely responsible for the stain in the wood, plus one or more 
sporulating fungi, as yet unidentified. Typically, when isolations are made 
on malt- or potato-dextrose agar, one sees macroscopically only the dark, 
slow-growing fungus. Macroscopically, the culture looks pure. In more 
than a hundred isolations made on different agar media the bluestaining 
fungus never has been obtained alone, but always in association with other 
organisms. Pure cultures of the stain fungus were obtained by cutting 
hyphal tips on hanging agar drops. Approximately 20 cultures made in 
this way were very similar to each other and only slightly different from the 
original cultures containing the two or more organisms. 

Pieces of white cedar heartwood were sterilized in an autoclave and in- 

1 Paper No. 1992 of tlie Seientifie Journal Series, Minnesota Agricultural Experiment 

Station. ' • 

2 Lagerberg, T., G. Lnndberg and E. Melin. Biological l^d practical researebes into 
blueing in pine and spruce. Svenska Skogsvardsfor. Tidskr. 25: 145-272, 561—739. 
1927—28. 

3 Kauf ert, E. H. Heartrot of balsam fir in the Lake States -with special reference 
to forest management. Minn. Agr. Exp. Stat. Tech. Bull. llOv 1935. 

4 Crowell, Ivan H. Heart bluestain of white spruce and balsam fir. Pulp and Paper 
Magazine of Canada 41 : 451-452. 1940. 

5 Schefi^er, T. C., and E, M. Lindgren. Stains of sapwood and sapwood products and 
their control. U.S.D.A, Tech. Bull. 714. 1940. 
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oeulated with pure cultures of the stain fungus. The fungus grew over the 
surface of and through this wood somewhat slovrer than it grew on agar, 
staining the wood rather dark blue. The mycelium is not restricted to 
particular cells or tissue systems of the wood, but grows through tracheids 
and rays much as do wood-rotting fungi. It can be found as abundantly in 
tangential as in radial sections. The hyphae are constricted as they pass 



Pig, 1. Diagrammatic view of the bloestaining fungus in the heartwood of northern 
white cedar. 

through the cell walls. Its growth in wood is shown diagrammatically in 
figure 1. Hyphae of the associated fungus or fungi are somewhat less 
abundant than those of the stain fungus, but can be seen readily and grow 
through the wood in a similar way. 

Although this stain fungus has not been observed to produce spores dur- 
ing several years in culture on various agar media and on wood, it can be 
disseminated rather readily by hyphal fragments. About 5 cc. of sterile 
distilled water were added to a culture 4 months old on an agar slant in a 
test tube. This was shaken twice, then poured over malt agar in 6 Petri 
dishes, the excess water being poured off, so that only little of the original 
5 cc. remained on the agar. Approximately 1000 colonies of the fungus 
arose on the six plates. Attempts to dislodge similar fragments by merely 
shaking old cultures without adding water, or by inverting them above agar, 
were unsuccessful. 

The stain fungus, with the associated organisms mentioned above, was 
obtained in about 20 per cent of several hundred isolations from a brown 
cubical trunk rot that originates at branch stubs, and from a brown feathery 
butt and trunk rot that originates in the roots, '^l^^brthern white cedar. The 
same bluestain is found very commonly in branch stubs of northern white 
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cedar and balsam fir and the same combination of organisms has been isolated 
from them repeatedly. What appears to be the same fungus has been ob- 
served in numerous samples of heartwood of western red cedar and Port 
Orford cedar. — C. M. Christensen and F. H. Kaueert, Division of Plant 
Pathology and Botany, Division of Forestry, University of Minnesota. 

Cercosporella Eyespot of Kentucky Bluegrass} — ^An undescribed disease, 
eyespot of Kentucky bluegrass (Poa pratensis L.), caused by a species of 
Gereosporellay occurs scatteringly in the Willamette Valley, Oregon. It was 
noted and specimens collected first at Forest Grove in March, 1939, and 
again a year later at East Corvallis. Strangely enough, although the 
symptoms are distinct, no specimens of it occur in any of the numerous 
earlier collections on this species of grass filed in the Mycological Herbarium 
of the Department of Botany at Oregon State College. 

The writer has collected many specimens of Septoria macropoda Pass, 
var. septulata (Gz. Frag.) comb. nov. (S, poae-annuae var. septulata Gz. 
Frag.) on Poa pratensis^ but in none of these does any of the cercosporella 
eyespot occur. It will be of interest, therefore, to note if this disease con- 
tinues to spread under the cool, humid climate of mid-early spring in western 
Oregon. 

On Poa pratensis the cercosporella eyespot is distinguished from the 
septoria leaf -spot and also from the leaf spot caused by Helminthosporium 
vagans Drecshl. as follows : 

1. Cercosporella eyespot, lesions circular to sometimes finally elongate, brown with 
yellowish border, often straw colored in center and hence having an eye-spot type of lesion 
on at least some of the spots. 

2. Septoria leaf spot, lesions variable in shape, rather uniformly ashy to stramineous 
in color, not an eyespot ; pycnidia present. 

3. Helminthosporium leaf spot, lesions circular to elongate with prominent, reddish- 
brown borders, darkening to nearly black in the center and, later, some becoming lighter 
in center. 

The Cercosporella on Poa pratensis differs distinctly from any described 
species on Gramineae. Since the only possibility appeared to be the ill- 
described Gercospora poae Baudys et Picb., the writer sent material to 
Charles Chupp who very kindly examined it and replied that 0. poae, in all 
probability, was the fungus known sometimes as Scolecotrickum graminis 
Fekl., and that the Oregon material probably was an undeseribed species of 
Cercosporella. Chupp also suggested that it might be well to cheek on 
Napieladium graminum Peck. Material of this, furnished by H. D. House 
from the New York State Museum at Albany, also proved to be Beolecotri- 
chum graminis. Therefore, N. graminum Peek can be added to the synonomy 
of 8. graminis Fekl. 

It appears, therefore, that the Cercosporella on Poa pratensis from 
Oregon is an undeseribed species as follows : 

1 Cooperative investigations, between the Divisions of Cereal Crops and Diseases, and 
Forage Crops and Diseases, Bfifeau of Plant Industry, XJ. S. Department of Agriculture, 
and the Oregon Agricultural' 'Bkperiment Station. Published with the approval of the 
Director of the Oregon Experiment Station as Tech. Paper No. 393. Contribution from 
the Department of Botany. 
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Cercosporella poagena sp. nov. 

Maeulis brunneis, margine anreo, ellipticis v. orbiculatis, deinde elongatis brunneis 
V. stramineis ; conidiophoris liyalinis, obscuris ; conidiis elongatis, sub-filif ormibus basis 
obtusatis, apieibis acuminatis v. attenuatis, 4-7 septatis, hyalinis 45-90 x 3.6-5 p, (fig. 1). 



Fig. 1. Conidia of Cercosporella poagena sp. nov., from Foa pratensis, Forest Grove, 
Oregon (O.S.O. 453, type), x 1,000. 

Hab. in foliis vivis Foae pratensis, Forest Grove, Oregon, March 15, 1939 (O.S.O. 
453, type, filed at Oregon State College, Corvallis, Oregon, and a fragment of it in the 
Mycologieal Collections, Bureau of Plant Industry, Washington, D. C.). Also collected 
at East Corvallis (O.S.C. 789). 

Lesions light-brown with a distinctive straw-color center and a surrounding border 
or halo of yellow j lesions at first very small, circular, later enlarging to nearly the width 
of the leaf or elongating longitudinally on the leaf for some distance ; spots finally becom- 
ing dull brown and eventually fading to straw color. Conidiophores hyaline, obscure, 
arising from hyaline thinly formed aggregating hyphae ; conidia hyaline, elongate, broadly 
filiform to obclavulate, bases blunt, tapering, apices either abruptly acuminate or attenu- 
ate at the tips, 4- to 7-septate (mostly 4-septate), 45-90 x 3.6-5 u, (45-75x3.6-4.6 p, in 
type and 57-90 x 4-5 p in East Corvallis material) . 

On living leaves of Poa pratensis^ Forest Grove (type) and Bast Cor- 
vallis, Oregon. — Roderick Sprague, Division of Cereal Crops and Diseases, 
Bnrean of Plant Industry, TJ. S. Department of Agriculture, Northern Great 
Plains Field Station, Mandan, North Dakota. 

Some Pathogenic Fungi Occurring in the Seed of Bed and Subterranean 
Clover.'^ — ^In attempts to obtain red clover {Trifolium pratense L.) seedlings 
free of fungi, it was found that surface-sterilized seed often gave rise to 
fungi of known pathogenicity for clover. It seemed desirable, therefore, to 
determine the presence and prevalence of these fungi in the seed of red 
clover. 

Thirty-four lots of red clover seed less than 1 year old, 15 lots 2 or more 
years old, and 6 lots of subterranean clover seed were tested. These seed 
lots were surface-sterilized by immersion in 95 per cent alcohol for 1 minute, 
a 1-1000 aqueous solution of bichloride of mercury for 7 minutes, and a 
saturated solution of calcium hypochlorite until transferred to potato-dex- 
trose-agar plates. Notes were taken 10 to 21 days later. A total of 28,161 
red clover seeds and 3,549 subterranean clover seeds were plated. Of the 34 
lots of red clover seed less than 1 year old, 19 were infected with Pleospora 
herbarum (Pers, ex Fr.) Rabh. {StempJiylium botryosum Wallr.), 6 with 
Stemphylium sarcinaeforme (Cav;) Wilts., 1 with Cercospora zebrina Pass., 
and 2 with a sterile black fungus of large mycelium. The latter fungus, 

1 Contribution No. 33 of the XT. S. Regional Pasture Research Laboratory, Division 
of Forage Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, 
in cooperation with the Northeastern States. 
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first reported from Kentucky,^ causes what is called the ‘'black patch'’ 
disease of red and white clovers. This fungus has been reported also by 
Smith. ^ 

The prevalence of these fungi under conditions of the tests was not great, 
the highest in any lot being 2 per cent with respect to Pleospora kerharum, 
and less than 1 per cent with the other fungi. It was necessary to plate out 
1,635 seeds of one lot to demonstrate the presence of the “black patch" 
fungus in 2 seeds. Only Pleospora hertarum and Stemphylium sarcinae- 
forme were demonstrated in viable seed. Other fungi isolated were species 
of Alternaria, Phoma, Fusarium^ Penicillium, Oospora, and Chaetommm, 
No fungi were found in the 15 seed lots 2 or more years old. 


TABLE 1. — Blemished and hlighted seed of 5 lots of red clover, separated from 
macroscopically sound seed, surface-sterilised, and plated on agar. (Note the much higher 
incidence of fungi in the hlemished seed) 



No 

No. 

Number of 
seeds with 




Condition 
of seed 

seeds 

tested 

seeds 

in- 

fected 

Alter- 

naria 

sp. 

Stem- 

phylium 

sarcinae- 

forme 

patch ’ ’ 
fungus 

Pleospora 

her'barum 

Other 

fungi 

Sound 

2,225 

32 

26 

0 

0 

0 

6 

Blemished 








and blighted ... 

2,450 

313 

271 

6 

6 I 

1 

40 


Of the fungi shown in Table 1 Pleospora herlarum^ and Stemphylium 
sarcinaeforme^ have been reported previously from red clover seed. It is 
possible that the introduction of the “black patch" fungus into new fields 
occurs through the seed, as no spores of this fungus are known to occur. 

Isolations were made also to determine what fungi were present in the 
seed of subterranean clover {Trifolium sulterraneum h.) . Prom one lot of 
980 seeds, Sclerotium iataticola Taub. was isolated 4 times, Bhizoctonia solani 
Kuehn once, and Fusarium 5 times. No fungi were isolated from 5 other 
lots of seed. The results of this preliminary test are included here, since 
the fungi isolated are known to be pathogenic on other crops. — St. John P. 
Chilton, formerly with the U. S. Regional Pasture Research Laboratory, 
State College, Pa.; now with the Department of Botany, Bacteriology, and 
Plant Pathology, Louisiana State University, Baton Rouge, La. 

2 Horty-sixth Annual Eeport of the Kentucky Agricultural Experiment Station 
(1933): (1) 1-69. 1934. 

3 Smith, 0. E. A leaf spot disease of red and white clovers. Jour. Agr. Ees. rU.S.l 

54:591-599. 1937. ^ ■ 

4 Smith, 0. F. Stemphylium leaf spot of red clover and alfalfa. Jour. Agr. Res. 

[H.S.] 61: 831-846. 1940. 

5 Krakover, L. J. The leaf-spot disease of red clover caused by Maorosporium sar- 

cinae forme Cav. Eept. Mich. Acad. Sci. 17: 273-328. 1917, 




PRUNE DWARF 


E . M . H I L D E BE AND 
(Accepted for publication January 17, 1942) 

INTRODUCTION 

Since the first announcement in 1936 (7), important information has 
been accumulated on the dwarf disease of prune (Prunus virus 6 (6); 
Nanus pruni H (5) ) . Originally found only in Niagara County, New York, 
the disease has since been observed in Canada. Prom the economic 
standpoint it is a minor disease, which, for some unknown reason, has become 
locally a serious problem in a few orchards. The standard control recom- 
mendation for the prompt removal of diseased trees has not eliminated the 
trouble, since in certain cases it has reappeared \gain within a few years. 
While studies aimed at solving this difficulty have not yet been concluded 
sufficient progress has been made during the past 6 years to deserve publi- 
cation. 

DAMSON PLUM MASKS PRUNE-DWARP VIRUS 
The causal virus of prune dwarf may be even more widespread than is 
realized at present owing to the fact that the Damson plum has been found 
to harbor the virus without showing symptoms. The discovery that the 
prune-dwarf virus was harbored by Damson plum came about as the result 
of top-working a few Damson misplants to Italian prune in one of the com- 
mercial orchards under observation. In 1932 this orchard of about 230 
trees had 2 widely separated diseased trees immediately adjacent to, respec- 
tively, 7 and 3 erect growing plums, identified as Damson, that had acci- 
dentally gotten into the orchard. When the cions that grew following 
grafting in 1933 all showed foliage symptoms of prune dwarf two possibili- 
ties were suggested: (1) that the grower had inadvertently used cions from 
diseased trees or (2) that the Damson plum trees harbored the causal virus. 

All attempts to demonstrate the presence of the virus in the Damson 
plum trees in the orchard mentioned have given positive results. Cions 
and buds from Damson and from both healthy and diseased Italian prune 
were taken from this orchard and indexed on Italian prune trees at Ithaca 
in 1935, 1937, and again in 1939, employing a mMmum of two-trees for 
testing each source, with the same results each time. Transmission of the 
dwarf disease was always effected from the symptomless Damson trees and 
the diseased Italian prunes but never from symptomless trees of Italian 
prune. 

VIRUS HARBORED IN NURSERY AND ORCHARD DAMSON PLUMS 
To check on how widespread were virus carriers among Damson plums, 
trees were procured from several sources including nurseries and orchards, 
3 from within and 2 from without New York State. Not all sources con- 
tained the virus but 1 out-of-state source and 2 from within New York gave 
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positive results when indexed on Italian prune. How widespread this virus 
may be in plum varieties that mask symptoms remains to be determined, 
but, thus far, indications are that still other varieties may be involved. 

In 1939 G. H. Berkeley and E. S. Willison showed the writer an inter- 
esting case near Grimsby, Ontario, where a grower had top worked Damson 
plums to Italian prunes about 3 years previously, with the result that a large 
percentage of the prune cions became infected. This observation confirmed 
the results of the New York experiments, and the evidence at hand rather 
conclusively demonstrates the fact that some of the Damson plums are 
masked carriers of prune-dwarf virus. 

VIRUS SYMPTOMS MASKED BY BRADSHAW PLUM 

That the Bradshaw plum might be a masked carrier of the prune-dwarf 
virus was indicated when symptoms failed to develop following bud inocula- 
tion of trees, but proof of this fact has only recently been established. In 
one Italian prune orchard from which all diseased trees had been previously 
eradicated a new outbreak occurred in 1936, followed by a further increase 
in the number of diseased trees in 1940. Careful examination revealed two 
Bradshaw (Niagara) plum trees amidst the newly infected ones. Dormant 
scions taken from the trees in question were grafted on two plants each of 
several varieties of plums including Italian (Pellenberg), Lombard, Damson, 
and Bradshaw. Symptoms developed within 6 weeks on Italian prune and 
Lombard plum. Whereas the Damson and Bradshaw varieties remained 
normal in appearance, it was subsequently demonstrated by indexing on 
peach seedlings, employing a rapid subsequently technique (4), that they 
were harboring the virus. 

RATE AND MANNER OP SPREAD IN ORCHARDS 

Evidence on rate and manner of spread of prune-dwarf virus between 
trees in orchards over a 10-year period may provide a clue as to the natural 
agent of dissemination. In the orchards under observation, which varied 
each year from 3 to 7 during the above period, the increase in number of 
diseased trees was intermittent. Although most of the orchards were re- 
moved before yielding data on this point, two exceptions will be cited. 
Orchard A contained 58 trees, approximately 25 per cent of which were 
diseased in 1932. The grower removed the defective ones and replanted to 
prunes. The disease reappeared on one tree in 1937. The number of dis- 
eased trees jumped to 6 in 1940, and, although they were hit and miss, they 
were confined to the same end of the orchard. Orchard B, about 230 trees, 
showed 2 diseased trees in 1932, 11 in 1937, 13 in 1938, and 16 in 1940, when 
the entire orchard was removed. The new infections all appeared immedi- 
ately adjacent to the two initial infections. Both orchards had severe 
infestations with the green plum aphis in 1936 and lighter infestations in 
1939. 

The possibility of spread by the pruning operation seems remote, since 
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the common meclianical transmission methods that have been tested have 
always failed to give positive results. 

The above circumstantial evidence that the green plum aphis may be 
the vector of prune dwarf has not been borne out thus far by caging experi- 
ments with this insect (7) . However, after concluding the above mentioned 
caging experiments, one of the 4 prune trees developed symptoms in 1935. 
The fact that this tree was in the open and exposed to environmental factors 
beyond control makes the evidence merely suggestive, not conclusive. Be- 
sides, some other agent than the aphid may have been involved. 

The tendency for this disease to spread to the immediately adjacent 
healthy trees, with occasional skips, suggests a short flight range of the 
natural vector, a possibility that fits in rather well with the suspicion that 
an aphid may be involved. The studies on insect transmission, conducted 
both in the greenhouse and outdoors, that have been in progress for several 
years have not been concluded. 

EFFECT ON YIELDS 

The striking effect of this disease on fruitfulness can be gleaned from 
actual yields of young prune and plum trees shortly after they came into 
bearing. Two adjacent 6-year-old Italian prune trees, one diseased and 
the other healthy, yielded as follows : (1) total number of fruits, 7 and 115 ; 
total weight of fruit, 8 and 101 ounces ; average weight of fruit, 1.14 and O.SS 
ounces. The yield from the diseased tree was less than 8 per cent of normal 
and closely approximates the estimates on yields of old orchard trees, which 
have ranged between 5 and 10 per cent of normal over a period of years. 
Whereas the prune type of plum has two striking and distinctive symptoms 
of dwarfing and narrowing of leaves and almost complete loss of fruitfulness 
due to abortion of pistils, the effect on Lombard plum (Pig. 1) seems to be 
largely confined to leaf symptoms. The fruit yield of a healthy Lombard 
plum tree compared with the average yield of 3 adjacent diseased trees was 
as follows: (1) number of fruits, 115 and 175; (2) total weight of fruits, 
85 and 97 oz.; (3) average weight of fruit, 0.74 and 0.55 oz. The smaller 
size of fruit on the diseased trees was attributed to the larger number of 
fruits and to the reduced leaf surface. The fruit yields of symptomless 
Damson plum trees that carried the virus seemed not to be affected at all. 

TRANSMISSION EXPERIMENTS 

Although the original experiments (7) indicated that only plums were 
susceptible to infection by the prune-dwarf virus, additional experiments 
have been conducted on plums, cherries, and peaches. 

The customary inoculation procedure was to place a diseased bud or 
cion at least midway up the stem of a young 1- or 2-year-old plant, and, 
where 2 buds or cions were used, at least one was placed high on the stem. 

Plum to Plum 

The only essential for successful transmission from prune to prune was 
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tissue union between cion and stock for a relatively short interval of a few 
weeks. Several types of graft (bud, cleft, whip) employed in 8 separate 
experiments, involving 5 or more trees each, all proved equally effective and 
100 per cent efficient in transmission experiments with the prune. The 


Fig. 1. Lombard plum tree, severely affected with prune dwarf, on which the 
foliage is dwarfed but the fruit crop apparently normal. The inset shows portion of 
Italian prune tree with characteristic dwarfing of foliage and sparsity of fruit. 

details of these experiments have been omitted to save space. It was found 
that placing the grafts midway or higher up on the stem hastened the 
appearance of symptoms. The incubation period varied from about 5 weeks 
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to a year or longer, depending on when during the year the inoculations 
were made, the position of the grafts on the stems, and the growth condition 
of the plants employed. 

The first symptoms to appear on prune were chlorotic rings (Pig. 2) on 
otherwise normal appearing leaves in close proximity to the position of the 
diseased tissue about 5 weeks after grafting. As the season advanced this 
symptom had a tendency to become less conspicuous, whereas the later- 
formed leaves in the tip region became markedly dwarfed. Figure 2 illus- 



Tig. 2. Symptoms of dwarf on current-season foliage of Italian prune — ^ring spot, 
shot hole, malformation, and dwarfing — ^representing the range in expression from the 
base to the tip of a single shoot of a tree, in September, that had received a diseased bud 
early in the spring. 

trates typical leaf symptoms on a plant in September, which had been 
budded at the beginning of the growing season, ranging from chlorotic rings 
near the base to the dwarfed narrow leaves at the tip of a shoot. 

Transmission experiments conducted between Italian prune and several 
plum varieties : {Prunus domestica — ^Italian (Fellenberg), Smith, German, 
Lombard, Bradshaw and Reine Claude j P. salicim — Abundance, Burbank, 
and Red June; P. insiUtia — Damson (Shropshire) ) gave interesting results. 
Severe symptoms including severe dwarfing of foliage and light fruit set 
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were always produced on the prune types of plums — ^Italian, Smith (1 
Italian) , German. The Lombard plum had moderately severe foliage symp- 
toms but apparently without injury to fruit set. On the two remaining 
P, domestica varieties — Bradshaw and Reine Claude — significant symptoms 
were not produced, although there appeared to be a slight reduction in size 
of foliage. Unfortunately, the planting containing these two varieties was 
lost before determining whether they were carrying the virus. 

The results of the transmission tests between the prune and the P. salicina 
varieties of plums were apparently negative except for a slight dwarfing of 
foliage but difficult to diagnose because of the presence of other viruses. 

In each of 3 separate nursery shipments of dormant trees of the Red 
June variety of plum one or more trees were found carrying a line-pattern 
virosis (2) when grown in the greenhouse. It was noted that the trees 
showing the chlorotic line patterns bore a lighter green foliage. Ordinarily, 
they showed the striking line pattern symptoms at the lower temperatures of 
spring, becoming masked with increase in temperature as the season ad- 
vanced, The affected trees were otherwise apparently normal. 

Occasional trees of the Abundance and Burbank varieties also showed a 
lighter green color of foliage and, since this abnormality also occurred in the 
cheeks, it eould not be attributed to the prune-dwarf virus, also being pre- 
sumably a contamination originating in the nursery. Incidentally, one 
Abundance tree had what was considered a typical line pattern, much 
fainter in outline than that seen on Red June. Unfortunately, for lack of 
space, these e^cperiments were terminated without determining whether or 
not the Prunus suhcma varieties were carrying the prune-dwarf virus. 

As already mentioned, Damson plums (P. insititia) from several sources 
were found to be masked carriers of the prune-dwaxff virus. The lesson to 
be drawn from the above transmission experiments on plum clearly indicates 
the importance of growing, observing, and indexing all test plants on other 
Prunus spp. before using them in host-range studies. The recent report 
from Canada (1) cites two good eases at point. It is further indicated that 
failure to show symptoms is not a reliable criterion for absence of virus. 

Plum to Cherry 

The results of transmission tests from plum to cherry have apparently 
all been negative. Two sour-cherry varieties (Early Richmond and Mont- 
morency) and 4 sweet cherries (Black Tartarian, Napoleon, Yellow Spanish, 
and Windsor) were employed. For each variety 3 plants received 2 buds 
each from diseased prune, 1 plant 2 buds from healthy prune, and the fifth 
plant was not budded. At the end of 2 years no symptoms were visible on 
these plants, with one exception. A single shoot on one of the Black Tar- 
tarian trees showed a marked dwarfing of leaves and stunting of growth. 
The growdh w^as so short that a bud eould not be taken for transmission 
purposes. 

The identity of a chlorotic ring-spot and line-pattern disease, which ap- 
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peared on a Malialeb root sprout from one of the Montmorency trees, was 
not determined because it failed to produce symptoms when budded into 
peach seedlings. This latter disease was observed again in 1941 in a cherry 
nursery on Mahaleb suckers coming up from roots where sour-cherry buds 
failed to take the previous season. Whether or not it was responsible for 
these failures is not known. 

Plum to Peach 

Transmission to healthy Elberta peach trees was effected by grafting 
from diseased prune in 5 separate experiments, all but one of which were 


Fig. 3. Earlj-stage symptoms of prune dwarf on newly developed terminal foliage 
of Elberta peaeb, consisting of leaf distortion, wavy margins, and a elilorosis of tlie distal 
half, where deformation was most marked. This tree was budded in September, then 
placed outdoors till mid- January. The photograph was taken in February, about 1 month 
after the trees had been returned to the greenhouse (65® F.) for forcing. 

conducted in the greenhouse. The outdoor experiment was conducted in 
the writer’s garden under good growing conditions. Therefore, failure to 
transmit this disease in earlier attempts (7) was very probably due to poor 
growing conditions rather than immunity on the part of the plant. Since 
the results from these experiments were very similar, only two will be dis- 
cussed here, the third and fourth, conducted, respectively, in the greenhouse 
and outdoors. 

The third experiment, begun on August 31, 1936, employed 39 2-year-old 
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Elberta peach trees growing in pots, 10 receiving 2 buds each and 19 one bud 
each, the remaining 10 being held as checks. To verify the presence of 
prune-dwarf virus in the hudwood 4 Italian prune trees also were included, 
each receiving 2 buds. After budding, the trees were placed outdoors. 
They became dormant about November 1, without showing any symptoms. 

The first symptoms suggesting transmission of the dwarf disease to peach 
were noted on February 17, 1937, or about a month after the trees had been 
moved from outdoors to the 65° F. greenhouse on January 15, and con- 


Fig. 4. Symptoms of prune dwarf on Elberta peacb, which followed about 10 days 
after the stage shown in figure 3. The chief characteristics were chlorotic spots, mild 
crinkling and shortening of the leaf blade, the effect being most pronounced in the basal 
half of the older leaves. 

sisted mainly of leaf distortion (Fig. 3). Ten days later occasional chlorotic 
spots (Fig. 4) appeared on several but not all of the leaves. The distortion 
shown in the figure was largely confined to the distal halves of the younger 
leaves, which became narrower, wavy margined and lighter green, whereas 
the chlorotic spots appeared more commonly on the older more nearly nor- 
mal shaped leaves. Ten out of the 19 trees receiving one diseased bud and 
9 out of the 10 trees receiving two buds showed these symptoms on February 
27. As the season advanced the greenhouse temperature was raised to 70° 
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F. and above. With the rise in temperature the affected leaves gradually 
recovered from the two types of chlorosis and from much of the distortion, 
except the waviness of the leaf margin. The next development, especially 



Pig. 5. Prune dwarf on peach showing typical resetting and wavy leaf on a 4-year- 
old Eoehester peach, tree grown in fertile garden soil. The tree was planted as a 2-year- 
old in 1935, received four diseased buds from prune in 1936, and was photographed in 
1937. The dead twigs were the result presumably of winter injury. 


on the plants receiving 2 diseased buds, was a stunting of shoot growth ac- 
companied by a variable amount of leaf drop and marginal leaf spot on 
the older leaves, and a tendency for the shoots to develop rosette similar to 
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but milder than that induced by rosette-mosaic on peach (3) . Later, with the 
coming of summer temperatures, the majority of the alfected plants had 
largely recovered from the more conspicuous of the symptoms. A year later 
these trees appeared to have almost completely recovered from the disease, 
except possibly for a slight waviness of leaves and stunting. On March 20 the 
4 check prune trees were showing typical early-stage symptoms ranging from 
chlorotic ring spots of the older leaves to willowing of the tip leaves on the 
terminals. 

An interesting angle of this experiment was the fact that nearly all of the 
peach trees, even though only beginning their third season of growth, blos- 
somed, and a moderate number bore fruit to maturity, thus affording an 
opportunity to study fruit symptoms. Five of the diseased trees matured 
fruit in June. In every case the suture side developed slower than other 
parts of the fruit, was slightly rough and off shape, and, instead of yellow 
with a red blush, as in the checks, was greenish-yellow, which contrasted with 
the prevailing naphthalene-yellow over the remainder of the fruit. The 
fruits on affected plants were smaller and matured from 7 to 15 days later 
than those on the cheek plants. 

The outdoor experiment was conducted on 2 trees each of 3 peach varie- 
ties — ^Elberta, Rochester, and South Haven. These trees were planted when 
2 years old on May 2, 1935, and were making excellent growth when 1 tree 
of each variety was grafted with 4 diseased buds on August 6, 1936. All 3 
budded trees were showing symptoms in 1937, the most distinctive being 
a stunting of the terminal growth, simulating rosette and the tendency of 
the leaves to have wavy margins (Fig. 6) . It will be remembered that these 
same symptoms were the end result of the greenhouse experiment just 
described. The following year these trees likwise seemed to have recovered 
from the disease. 

RESEMBLANCE TO ROSETTE-MOSAIC DISEASE 

Because these symptoms, although milder, bore a resemblance to the 
rosette-mosaic disease on peach, comparative studies were undertaken with 
a view to clarifying their relationship (3) . Although this study has not been 
concluded, the results to date suggest that if a relationship exists the virus 
causing rosette mosaic is a much more aggressive strain on the peach than 
is prune dwarf, whereas the latter virus is most aggressive on the prune. 
The recent unreported finding by Cation in Michigan of a mild strain of 
rosette-mosaic virus may have a bearing on* this point since it suggests the 
existence of strains within that virus. 

SUMMARY AND CONCLUSIONS 

Originally found only in Niagara County, New York, prune dwarf is 
now known to be present also in Canada. 

The Damson plum is known to harbor the prune-dwarf virus without 
showing symptoms, and the causal virus may be more widespread than is 
realized because of this fact. Three out of five nursery and orchard sources 
of Damson plums were positive for the virus when indexed on Italian prune. 
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Two severe infestations of Damson plnm with this virus have been reported 
in Canada, where the growers top-worked to the susceptible Italian prune. 
Symptoms of prune dwarf are also masked by Bradshaw plum. 

The disease spreads slowly and, ordinarily, to the immediately adjacent 
trees in orchards but in spurts which have been correlated with severe in- 
festations with the green plum aphid. Insect transmission experiments, 
however, have all been negative thus far. 

Fruit yields on the prune types of plums are extremely reduced, aver- 
aging less than 10 per cent of normal. The Lombard plum, which suffers 
foliage symptoms but not the abortion of pistils, yielded slightly below 
normal, apparently because of the reduced foliage. Fruiting of the Damson 
plum, which masked symptoms, seemed to be normal. 

The only essential for successful transmission to susceptible plants was 
tissue union between cion and stock. The shortest incubation period for 
prune was 5 weeks. Of the Prunus domestica varieties tested, only Lom- 
bard plum, besides the prune types, developed typical foliage symptoms. 
None of the P. salicina varieties developed marked symptoms, but it was 
found that a distinct chlorotic line pattern virus was prevalent in Red June 
and also present in Abundance. The Damson plum (P. insititia), while 
failing to develop typical foliage symptoms, was, subsequent to budding, 
found to contain the virus. Transmission tests from prune to cherry have 
all been negative. The peach was found susceptible to prune-dwarf virus 
with the production of a number of foliage symptoms from which the plants 
largely recovered as the season advanced. The peach fruit on affected 
plants was retarded in development, especially on the suture side. The 
symptoms that appeared in both outdoor and greenhouse tests with Blberta 
peaches were a stunting in terminal growth, simulating a mild case of rosette 
and the tendency- toward wavy margins for some of the leaves. By the 
following year the affected peaches had largely recovered from the disease. 

Studies are under way to determine what relation, if any, exists between 
prune dwarf and peach-rosette mosaic, to which it bears a definite resem- 
blance in symptoms on peach. 

Department op Plant Pathology, Cornell University, 

Ithaca, New York 
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A BOOT ROT OF COTTON CAUSED BY THIELAVIOPSIS BASICOLA 

C.J.KikgandJ.T. Presley! 

(Accepted for publication Pebruary 3, 1942) 

INTRODUCTION 

In 1922 a peculiar root rot of cotton plants was observed at the U. S. 
Field Station, Sacaton, Arizona. Affected plants were characterized by 
main roots, swollen at the collar and manifesting an internal purplish-black 
discoloration. It was first thought to be a disease that appears on mature 
plants in late summer or early fall, and was described as an internal collar 
rot (3). Later, it was observed in the spring destroying seedlings 3 to 4 
weeks old. During the hottest part of the season it is not evident. It 
reappears with the approach of fall, when further mortality of cotton plants 
occurs (Fig. 1, A). It was noted early that the disease affected American- 
Egyptian cotton more severely than it did the upland type. It also showed 
great persistence in poorly drained soils, and recurred in cotton after several 
years of rotation with alfalfa and other nonsusceptible crops. In 1940 it 
was found in a commercial field of American-Egyptian cotton in the Upper 
Gila River Valley, nearly 200 miles east of Sacaton, but in the same drainage 
area and soil type. In 1938 the causal organism was identified as the fungus 
TMelaviopsis iasicola (Berk, and Br.) Ferraris, cause of black root rot of 
tobacco in Europe and in some of the eastern and mid-western States of the 
United States. 

For many years the fungus deemed responsible for black root rot of 
tobacco carried the name Thielavia hasicola Zopf . The work of McCormick 
(5) in 1925 furnished evidence that TMelaviopsis hasicola, which usually 
develops two spore forms, endoconidia and club-shape chlamydospores, is 
the actual cause of black rot. An ascogenous fungus, frequently associated 
with it, and long believed to be a form of the causal organism, was given 
the designation TMelavia iasicola. The latter is not known to be parasitic. 
In cultures it has a tendency to produce perithecia, especially it grown in 
the presence of TMelaviopsis or certain other fungi. TMelavia has not been 
observed in association with TMelaviopsis on cotton in Arizona. 

The report in 1939 of an internal collar rot of cotton in Arizona, caused 
by TMelaviopsis iasicola by King and Barker (4), apparently is the first 
record of this fungus in the arid Southwest, and also of its damage to cotton 
under field conditions. Smith (9), Rosenbaum (7), and Johnson (2) pre- 
viously had reported it as causing a root rot of cotton under controlled 
experimentation; and, in 1940, Sherbakoff (8) reported it as responsible for 
injuries to cotton seedlings at Knoxville, Tennessee. The disease is not 

1 The writers gratefully acknowledge the assistance of Lloyd A. BrinkerhoJff in labora- 
tory and greenhouse work connected with this investigation while employed as Agent at 
the U. S. Field Station, Sacaton, Arizona, December 1, 1939, to April 12, 1940, and to 
H. B. Barker for many helpful suggestions. 
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Fig. 1. Symptoms of TliielaYiopsis root rot on Pima (Ameriean-Egyptian) cotton plants. A. Plant at rigliP dying late in the 
season; plant at left not affected. B. and C. Internal collar rot symptoms. Note sweUing at the crowns. D. Three taproots at 
right show typical injuries to seedlings about 6 weeks old. Boot at left not affected. 
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believed to be of eommon occurrence in Arizona, but its discovery in two 
widely remote locations on tbe Gila River suggests that it may be indigenous. 

HISTORY 

After discovery of internal collar rot of cotton at Sacaton in 1922, specb 
mens of affected roots were sent to several pathological laboratories, but no 
parasitic organisms were isolated. In 1924 G. L. Peltier, while temporarily 
employed in Arizona by the Bureau of Plant Industry, examined some 
affected plants and prepared a preliminary description of the disease, which 
remained unpublished pending results of some culture work he was unable 
to complete before resuming his regular duties in Nebraska. In later years 
several unsuccessful attempts were made at Sacaton to isolate the causal 
organism. In January, 1938, it was observed that the discolored root tissues, 
particularly the conducting vessels, invariably showed numerous dark col- 
ored chlamydospores. This discovery aided in the selection of recently 
invaded tissues and the isolation of the organism, which formed the dark- 
brown chlamydospores. Inoculation tests proved that this was the causal 
organism. 

Cultures of the fungus were submitted to the Division of Mycology and 
Disease Survey, Bureau of Plant Industry, and were identified tentatively 
by J. A. Stevenson as Thielaviopsis basicola. For comparison, type cultures 
of Thielaviopsis basicola were obtained from the tobacco experiment station 
at Greenville, Tennessee, and from Washington University, St. Louis, Mis- 
souri. Comparative cultural and inoculation studies indicated that the 
Arizona organism and the tobacco isolates belonged to the same species, but 
that they differed slightly in cultural characteristics. 

SYMPTOMS AND EFFECTS 

When the disease is studied on cotton plants in the seedling stage, the 
* aboveground symptoms somewhat resemble the effects of root-knot nematodes 
or injuries from toxic salts: The seedlings are stunted and apparently 
unhealthy ,• the leaves are often small and cupped, pale green, purplish along 
the veins, and show marginal browning and burning. Gradually the lower 
leaves wither and drop off ; many seedlings succumb at various stages 
between the development of the 3rd and 6th leaves. 

The roots of the affected seedlings show a purplish-black discoloration 
of the affected tissues (Fig. 1, D). As in the case of mature plants, the 
central cylinder usually shows the first effects of invasion by the fungus. 
When the main root of a seedling with mild symptoms is split, it is observed 
that the stele already is discolored and often portions have disintegrated to 
form cavities. In plants with more severe symptoms the roots show portions 
of the cortex in a black, shrunken condition. By the time the plants are 
dead nearly all of the cortex, as well as the stele, is involved, and the entire 
root is so fragile that little remains with the plant when it is pulled from 
the ground. As temperatures rise with the advance of summer, the affected 
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young plants that have survived begin to recover; by mid-summer there is 
little evidence of the disease. On cutting through one of the recovered 
plants at the collar, a cylinder of necrotic tissue surrounded by healthy tis- 
sues is usually found. When lower temperatures prevail in late summer 
the infection extends from these occluded lesions and effects further damage 
to the plant, often causing its death. 

The symptoms shown by mature plants when they wilt and finally die 
might easily be mistaken for Phymatotrichum root rot (Fig. 1, A). It is 
to be noted, however, that the leaves remain on the dead plants longer than 
in the case of death from most of the cotton diseases. Also, it is character- 
istic of occasional mature plants to die. It appears probable that many of 
these may be plants in which there is renewed activity of the organism in old 
lesions, although some of them may represent new infection that has devel- 
oped after temperatures again become favorable. It is seldom that more 
than 2 or 3 plants die in one group!. 

In mature plants the first sign of the disease is an abnormal swelling 
of the main root, beginning at the collar and extending 3 to 6 inches below 
the ground line (Pig. 1, B). Usually, the bark tissue on the tap root 
appears healthy, except that the lenticels often are distended and occur as 
cork-like protuberances. Splitting the tap root reveals a highly colored, 
brown to purplish-black, heart rot affecting the entire stele of the swollen 
area (Pig. 1, C). The discolored tissues for the most part are firm, with 
only a few small cavities to indicate a slow, dry-rotting process. The line 
of demarkation between the white healthy tissues and the discolored, diseased 
tissues is very distinct. The discoloration seldom extends far above the 
ground level. Immediately after the death of the plant, the only evidence 
of external decomposition is noted on the ends of the lateral roots and far 
down on the tap root. Here the entire root is involved and the bark may 
slough off on handling. Later, the cortex of the swollen area on the main 
root is broken through and black sunken areas appear on the outside. A 
general decay then occurs from attack of secondary organisms. 

On diseased seedlings and occasionally on mature plants, the lateral roots 
may be finer and more numerous than on normal plants. This behavior is 
not so pronounced as that described for the tobacco plant. 

THE ORGANISM 

It was found that a microscopic examination of thin sections of discol- 
ored tissues provides an easy and reliable identification of the disease. Tis- 
sues, discolored by invariably contain many brownish, multi- 

segmented chlamydospores (Pig. 2, A). Chlamydospores abound in the 
conducting vessels and in cavities and intracellular spaces of the phloem, 
xylem, and medullary-ray structures. Occasionally, they may be seen 
within pai'enchyma cells. Endogenous spores rarely are seen within the 
host tissues. In their restricted positions within the tissues the chlamydo- 
spores do not attain the typical club shape, the regularity in number of 
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segments, and the racemose arrangement on the hyphae, as is common on 
artificial media (Pig. 2, C). Usually they are cylindrical and consist of 
from 3 to 14 segments extending in chain-like formation through the vessels. 

Cultural Characteristics 

The Arizona Thielaviopsis fungus is readily isolated from cotton plants 
affected with black root rot, and can be grown on a wide range of culture 
media. On agars containing malt extract, potato dextrose, or decoctions of 
onion or ot Nicotiana glauca the growth is vigorous, with endoeonidia form- 
ing abundantly within 2 days and ehlamydospores within 4 days after incu- 
bation at room temperature. On potato-dextrose agar the initial growth 
of the colonies is ashy-gray. Except at the margins, it soon becomes a 
blackish-brown imparted by the ehlamydospores. 

Comparisons were made of the growths of the Arizona cotton isolate and 
the tobacco isolate from Missouri grown on different media and at different 
temperatures. When grown on the same plates or in parallel series of plates 
on potato dextrose agars and incubated at 16, 21, 26, and 30 degrees C. the 
growth rates were about equal for both isolates, with most rapid growth 
occurring at 30*^ C. The average daily growth for both isolates at this tem- 
perature for the first 8 days after inoculation was 3 mm. Gilbert (1) 
reports 30° C. as the optimum temperature for growth of Thielaviopsis hasi- 
cola. Eawlings (6), however, considered the optimum for 3 races of the 
fungus in his study as near as 20° C. 

While the two isolates reacted much alike at different temperatures, they 
were easily distinguishable in appearance (Pig. 2, D and E). On potato- 
dextrose agar the colonies of the Arizona cotton isolate were lighter in color, 
denser, and more submerged than those of the tobacco isolate. Concentric 
zonation was pronounced in both, but more conspicuous in that from tobacco. 
No sectoring occurred on any of the cultures on potato dextrose. Johnson 
and Yalleau (3), however, observed instability and sectoring in all of 11 
tobacco isolates grown on potato-dextrose agar. On onion agar both the 
Arizona and Missouri cultures grew vigorously, but the mycelium of the 
cotton isolate when several days old was darker and more appressed (Pig. 
2, P and G). Sectoring was a common tendency with the cotton isolate on 
this medium, but did not occur in that from tobacco. Transfers were made 
from one of the white or albino sectors and one of cinnamon-buff color. Both 
maintained these characteristics during several transfers on sweet-potato 
plugs and potato-dextrose agar. It seems significant that Eawlings (6) 
observed a tendency for his Texas isolate from cotton to develop sectors, 
particularly on onion agar, while an isolate from tobacco in Tennessee and 
one from Primula ohconica in Holland failed to develop sectors bn potato- 
dextrose, onion, or Leonian’s agar. 

Measurements of the endospores and ehlamydospores of the two isolates 
showed no significant differences in size. The mean length of the endospores 
was approximately 14.5 p and mean width 4.4 p. The ehlamydospores aver- 
aged 38 p in length and 11 p in width. 
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One noticeable difference was in the coloring of the hyphae bearing the 
chlamydospores. In the tobacco isolate the spore-bearing branches and basal 
cells of the chlamydospores nsnally were hyaline; whereas the brownish 
coloration of the isolate from cotton often extended into these structures. 

Some germination tests were made with the endospores and chlamydo- 
spores of the cotton isolate of the Thielaviopsis fungus. In hanging drops 
of sterile tap water or on cubes of potato-dextrose agar a large proportion 
of the endospores germinated within 16 to 20 hours. The chlamydospores, 
however, failed to germinate under these conditions. When planted on 
dilute drops of malt agar containing a trace of pepsin, about 40 per cent of 
the chlamydospores developed germ tubes from one or more segments (Pig. 
2, B). 

INFECTION EXPERIMENTS 

In 1939, inoculations with pure cultures of Thielaviopsis hasicola were 
made on a small number of cotton plants in the field and greenhouse at 4 
different times of the year. The varieties represented were Pima, Sea 
Island, and Sakellaridis of the Barbadense species and Acala of the Hir- 
sutum species. In all eases the plants had reached the fruiting stage when 
inoculated. Longitudinal incisions with a sterile scalpel were made on the 
tap root just below the ground level. Tufts of spore-bearing mycelium were 
inserted and the incision was closed with adhesive tape. Half as many con- 
trol plants received similar treatment, except for insertion of inoculum. 
The first examinations were made about 20 days after inoculation. With 
few exceptions the inoculated plants showed discoloration in the vascular 
tissues extending about 7 cm. from the point of inoculation on varieties of 
the Barbadense species, and about 4 cm. on varieties of Hirsutum. After 
20 to 30 days chlamydospores were always observed within the discolored 
tissues, and a swelling of the tap root near the crown was often noticeable 
on plants of the Barbadense species but not on those of the Hirsutum species. 
A few of the plants were dwarfed and apparently unhealthy, but none of 
them died. The incision on the control plants healed rapidly, and discolora- 
tion failed to develop in the vascular cylinder. 

In December, 1939, more elaborate greenhouse inoculation experiments 
were undertaken for comparing the pathogenicity of the Arizona cotton 
isolate and the tobacco strain from Missouri. Pima cotton and Maryland 
broadleaf tobacco plants w^ere chosen for hosts. The latter were grown in 
crocks filled wdth clay loam. Some of the cotton was growm in soil, and 
some in sand nutrient cultures. The inoculum, consisting of pure cultures 
grown on sterilized cotton roots, was inserted in holes made in the soil or 
sand between the plants when the seedlings were only 2 weeks old. Within 
9 days after inoculations were made on December 27, the tobacco seedlings 
began dying in all of the containers inoculated with either the cotton or the 
tobacco isolate, whereas the controls remained healthy. During the fallow- 
ing 2 weeks more than one-third of the inoculated tobacco seedlings died 
from black root rot. Invariably, chlamydospores could be found in the 
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diseased tissues. No further mortahty of tobacco plants occurred ; but. 
when final examination was made on March 25, all plahts in inoculated con- 
tainers showed damage from black root rot (Fig. 3, D-P). 


Pig. 3. Cross inoculations with the cotton and tobacco isolates. Pima cotton inocu- 
lated with the cotton isolate (A) and tobacco isolate (G). Maryland Broadleaf tobacco 
inoculated with the cotton isolate (D) and the tobacco isolate (P). Control plants: B, 
cotton ; E, tobacco. ’ 

Thirty-seven days after inoculation, a Pima Cotton plant was found dead 
in a sand-culture container inoculated with the cotton isolate, and another 
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in a container inoculated with the tobacco strain. At that time nearly all 
plants in the inoculated sand cultures showed disease symptoms, and many 
of the roots were blackened and rotted; only 4 plants finally died. In the 
soil cultures the Pima cotton plants showed no definite disease symptoms 
aboveground before March 5. On that date 2 plants inoculated with the 
cotton isolate were wilted and were found to have rotted roots, but they sub- 
sequently recovered. Nearly all of the cotton plants grown in soil and 
inoculated with either isolate were unhealthy and had diseased roots when 
examined March 25, but none of them died (Pig. 3, A-C). It appeared 
that the conditions in the greenhouse were not continuously favorable for 
optimum development of the fungus in the cotton plants, and the disease 
symptoms were not so severe on them as it often is under field conditions. 

Cross Inoculations 

On February 21, both the tobacco and the cotton isolates were reisolated 
from diseased tobacco seedlings in the greenhouse and cultured on sterilized 
cotton roots. On February 29, both reisolates were used to inoculate 60-day- 
old Pima cotton plants grown in soil in the greenhouse in large flats. None 
of the plants died, but examinations made on March 22 showed similar and 
about equal damage to the roots from the two fungus isolates. Chlamy do- 
spores were abundant in the discolored root tissues inoculated with either. 

SUMMARY 

A new disease of cotton characterized by a swollen tap root near the 
collar and an internal purplish-black rot of the vascular tissue was observed 
at the U. S. Field Station, Sacaton, Arizona, in 1922. The causal organism 
was isolated in 1938 and identified as the fungus TMela-viopsis lasicola 
(Berk, and Br.) Ferraris. 

The disease occurs in two widely separated areas in Arizona, but is not 
believed to be extensive. It persists in the soil year after year, even in the 
absence of cotton culture. Its spread through the soil is slow and its damage 
to the cotton crop is not severe, except in occasional seasons. American- 
Egyptian varieties of cotton proved more susceptible to it than did upland 
varieties. 

The disease is most damaging to the cotton crop in the seedling stage. It 
sometimes destroys stands of Ameriean-Egyptian cotton, and retards the 
growth of surviving seedlings. Affected seedlings show a characteristic 
purplish-black dry rot in the central cylinder of the root, where cavities 
often form. Many seedlings recover when high temperatures prevail, the 
internal lesions becoming surrounded with healthy tissues. In the fall the 
occluded lesions may become active and often kill the mature plants. 

The disease is readily identified, since microscopic examination of thin 
sections of the discolored tissues almost invariably reveals the presence of 
brownish chlamy dosp ores in the conductive tissues. 

In cultures on various media the fungus isolated from cotton resembled 
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in appearance and behavior isolates from tobacco obtained from Tennessee 
and Missouri. Slight differences in color and density of the colonies were 
apparent on all media, and, on onion agar, the development of white or buff 
sectors occurred frequently in the cotton isolate but not in the tobacco 
strain. 

Inoculations and cross inoculations on American-Egyptian cotton and 
Maryland Broadleaf tobacco plants, under greenhouse conditions, were suc- 
cessful with both the cotton and tobacco isolates. Nearly all of the inocu- 
lated plants showed symptoms of the disease, either externally or internally, 
but only a few of them died. 
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GALL FOEMATION BY PHYTOMONAS TUMEFACIENS EXTRACT 
AND INDOLE~3-ACETIC ACID IN CULTURES OF 
TOMATO ROOTS^ 

B. A.FRIEDMAN2 ANDTHOMAS FrANCISj JR. 

(Accepted for publication February 1942) 

INTRODUCTION 

Since 1936 reports have appeared in which galls incited by Phytomonas 
tumefaciens (Sm. and Town.) Bergey et al, have been compared with those, 
stimulated by extracts of this pathogen and by indole-3-acetic acid. The 
morphological (3, 5, 7, 9), histological (5, 9, 12), and biochemical (11) simi- 
larities of these tumors have been observed. Growth hormone is produced 
in cultures of P. tumefaciens and many bacteria and fungi (2, 3, 12, 13, 19, 
21), and extracts of the cultured media of the crown-gall organism have 
given chemical tests for indole-3-acetic acid (12). With a reported excep- 
tion (15), crown-gall tissue has yielded higher concentrations of phytohor- 
mones (auxin a, auxin b, and indole-3-acetic acid) than normal tissue (11, 
12, 13). All 3 auxins have been isolated from healthy higher plants (2, 8, 
21) . In addition, there has been observed a significant increase in the auxin 
content of legume nodule tissue (10, 20), and of smut-gall tissue of corn.^ 
Such results have led to the opinion that the growth of galls, and similar 
pathological processes, may be related to disturbed hormone balance in the 
plant (7, 10, 11,12,20,21). 

In the present investigation root tips grown in vitro were employed as 
these plant cultures have not previously been used to study gall formation 
by indole-3-acetie acid and Phytomonas tumefaciens extracts. Furthermore, 
indole-3-acetic acid was employed to ascertain the relationship of growth to 
tumor development, and to throw light upon a disputed point (2, 4, 6, 14, 
16, 21, 23), namely, whether in low concentrations this chemical stimulated 
or inhibited the growth of roots. 

experimental methods and results 
General Procedures 

A strain of excised tomato roots {Lycopersicum esculentwn) was used 
upon which considerable physiological data were available (22, 23), and 
which was very generously supplied by P. R. White. The yeast extract- 
salt-suga,r solution devised by this investigator was employed. In experi- 
ments III and IV (Table 1) a synthetic nutrient medium was used in which 

1 An abridgment of a dissertation in the Department of Bacteriology submitted by 
tbe senior writer to the faculty of the Grraduate School of Arts and Science of New York 
University in partial fulfillment of the requirements for the degree of Doctor of Fliilos- 
opliy. Degree conferred June, 1941. 

2 Junior Plant Pathologist, U. S. Department of Agriculture, Bureau of Entomology 
and Plant Quarantine, Christopher St., New York, N. Y. 

‘^Moulton, J. E. Doctor ^s Thesis. University of Chicago, 1941. Quoted by Link 
and Eggers (11). 
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TABLE 1. — The effect of indole-S -acetic acid upon the growth, numher of secondary 
roots formed, and the dry weight of excised tomato roots 


Number of 
root cul- 


Concentration (mg./l.) of indole-3-acetic acid^ 


tures per 
concen- 

0 

! 0.00125 

0.0125 

0.025 

0.05 

0.5 

tration 

L.a B.b 

I L. B. 

L. B. 

L. B. 

L. B. 

L. B. 


Experiment I 



15 I 52e I 4 I 46 I 7 I 19 I 4 |.- 15 I 6 I 2 I 3 I 1 I 5 


Experiment II 


20 1 

58 1 7 ] ; 

35 1 6 1 17 

1 5 1 3 1 

1 1 4 1 ; 

2 1 0 1 1 







Number of 
root cul- 


Concentration 

(molar) of indole -3 -acetic acid 


tures per 
concen- 

0 

10-^* 

10-1^ 

10-10 

io-« 

tration 

L. B. 

L. B. 

L. B. 

L. B. 

L. B. 


Experiment III^ 


50 I 83 I 14 I I I 71 I 12 I 71 | 11 | 26 | 5 


Experiment IVd 


80 

1 71 1 10 

1 72 1 12 

75 1 10 

1 73 1 11 j 

1 29 1 4 

Total dry 



! 



wt. (mg.) 
Exp. IV 

100.3 

101.0 

100.4 1 

89.6 ] 

78.2 ■ 


a In all tables L. indicates tlie final length of roots, including length of branches, 
minus initial length, expressed in millimeters. 

In all tables B. indicates the final number of branches formed minus the initial 
number. 

c The figure 52 represents the average increase in length in millimeters of 15 roots 
grown in nutrient solution to which no indole-3 -aeetic acid had been added (control roots). 
Similarly, in all tables each number represents an average for each concentration 
employed. ‘ 

d In synthetic medium. 

0.5 mg. tMamin and 1.0 mg. glycine per liter were substituted for the yeast 
extract in the aforementioned medium. 

In subculturing, root tips about 15 mm. long were cut with scissors and 
removed by transfer needles to 125-mL Brlenmeyer flasks containing 50 ml. 
fresh sterile nutrient solution. The root cultures, one to a flask, were kept 
in dim light at room temperature, and subcultured weekly. Growth was 
measured by the increase in length measured by millimeter ruler, by the 
increment in dry weight, and by the macroscopically observed increase in 
number of secondary roots. In order to obtain greater accuracy in experi- 
ments III and IV (Table 1), the rootlets were enumerated under magnifica- 
tion (x 100). To determine the dry weight, roots were oven-dried and 
weighed on an analytic balance. The hydrogen-ion concentration (pH) of 
culture solutions was measured electrometrically. 

To make histological preparations, roots were killed and fixed by Nava- 
shin’s solution, dehydrated by ethyl alcohol-xylol mixtures, embedded in 
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paraffin, sectioned at 10 [i thickness, and stained by Heidenhain’s iron- 
haematoxylin technic. 

Cultures ot Phytomonas Umefaciens were received from A. J. Riker and 
E. A. Sieglef, to whom we acknowledge our thanks. Galls were formed by 
these cultures following needle inoculation into stems of young tomato 
plants, grown at the Brooklyn Botanic Garden through the courtesy of 
G. M.Reed.' ' - 

Effect of Culture Extract of P, tumef aciens 

The microorganisms were grown 3 days in 6.5 liters of potato-dextrose 
broth. The culture medium was then passed through a Berkefeld N filter to 
remove the bacteria. The filtrate was evaporated under reduced pressure 
to a volume of 100 ml, acidified to pH 3, and extracted 7 times with 0.5 
volume of peroxide-free ether. The ether layers were combined and allowed 
to evaporate at room temperature. The ether residue was added to nutrient 
fluid in 20 flasks in concentrations of 150 to 1.5 x 10"^ mg. per liter. 

As a result, the ether extract reduced the growth of roots, several of the 
cut ends of which were swollen, and there was excess root hair development. 

Effect of Indole-3-acetic Acid 

Gross Appearance of Boots. Excised roots are white and translucent, 
slender and long, regular in shape, and float on the surface of the medium 
(Pigs. 1, A, and 2). 

Roots grown in nutrient solution containing mdole-3-acetic acid in con- 
centrations from 10.0 to 0.0125 mg. per liter are completely to slightly brown 
and opaque, stunted in length, thickened and irregular in shape, and sub- 
merged in the fluid. Branches appear even at the tip, and like the primary 
root are stunted in growth. The higher the concentration of the phyto- 
hormone, the greater the effect (Pig. 1). 

■Well-pronounced galls are formed on treated roots (Pig. 3). These are 
found generally in eonjunetion with root primordia or branches, but often 
without the presence of either. The overgrowths may appear on the primary 
root or branches, at the growing point, medially, or at the cut end. 

Microscopic Appearance of Boots. Normal unsectioned roots are regular 
and of uniform appearance, with a moderate number of root hairs. The 
vascular stele is readily visible (Pig. 2). As seen from histological prepara- 
tions (Pig. 4, A), the cells are rectangular, and regularly arranged. The 
epidermis consists of a single layer of cells. The cortex comprises 3 to 5 
layers of parenchymous cells, and a single innermost layer, the endodermis. 
Underneath the endodermis, a single layer of pericyclic cells bounds the 
vascular stele. Secondary roots are initiated by meristematic activity of the 
pericycle. 

Treated whole roots are highly irregular in shape (Pig. 3). There is 
excessive production of root hairs, the tips of which frequently are swollen, 
like balloons. In microscopic sections (Pig. 4, B-D) of roots treated with 
indole-3-aeetic acid the cells of the epidermis are enlarged; in the higher 
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concentrations of the chemical there is much fragmentation. The cortex is 
enlarged because of cell hypertrophy, because of increased intercellular 
space resulting from necrosis and cell disarrangement and of some cellular 



Pig. 1. Effect of the coneentration of in<iole-3-acetie acid on growth of excised tomato 
roots. xO.6. A. Normal root. B-F. Boots treated: B. 0.001 mg. indole -3 -acetic acid 
per liter. C. 0.01 mg. per liter. B. 0.025 mg. per liter, E. 0.05 mg. per liter. F. 0.5 
mg. per liter. 

divisions (hyperplasia). There is intense stimulation of the meristematic 
activity of the perieycle (Fig. 4, B). Typical thickening in the absence of 
root initiation is shown in figure 4, D. In the cortex, particularly in the 
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pericyele, there occur multinucleate cells, most of which are biiiucleate. 
Xylem and phloem do not react strikingly to treatment. A comparison of 
figures 2, A, and 3, E, shows the effect of hormone upon the tips of primary 
roots. Compare figures 2, B, and 3, C, for the effect upon the cut ends of 
primary roots. 

Growth of Boots. In the previous two sections the pathological effects 
observed were developed in dilutions of indole-S-acetic acid up to about 
7x10"^ molar (0.0125 mg. per liter). Up through this dilution, and even 
to 7 X 10"® molar, there was unmistakable inhibition of root elongation, reduc- 
tion in the number of branches formed, and in the total dry weight (Table 1) . 

To determine if low concentrations of indole-3-acetic acid stimulated or 
inhibited growth, 2 additional experiments with 600 root cultures were per- 
formed. In the first, experiment III (Table 1), the roots grown in normal 
nutrient solution appeared to have increased in length (16 per cent), and to 
have formed more secondary roots. In the second test (Experiment IV, 



Fig. 2. Normal untreated roots. A. Tip of primary root, x 60. B. Gut end of 
primary root, x 24. 

Table 1), a concentration of 10'^^ molar indole-3-acetic acid seemed to 
accelerate elongation (6 per cent). Dry weight measurements, however, 
gave almost the same readings for the control, 10"^^, and 10"^^ molar chemi- 
cal-treated roots, respectively 100.3, 101.0, and 100.4 mg. 

Toxicity of Indole-3 -acetic Acid and Growth of Galled Boots in Normal 
Solution. An experiment was performed to determine the toxic range of 
indole-3-acetie acid. After a Aveek’s cultivation, the roots were transferred 
to plain nutrient medium (Table 2). It may be observed that a concentra- 
tion of 5 mg. per liter is just about lethal, as there is neither elongation nor 
root initiation, and in addition, only 1 of 10 roots grew after transfers in 
normal solutions during a period of several weeks. 

From the preceding experiment, 6 roots bearing prominent swellings 
were selected and cultured for 8 weeks in solution containing no indole-3- 
aeetie acid in order to determine whether tumor tissue Avould grow or would 
affect the development of new tissue. However, the gall tissue persisted with- 
out apparent enlargement and all new growth of galled roots was normal. 
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Effect of Tryptophane^ Indole ^ Acetic Acid, and pH. As indole-3-acetic 
acid is an intermediate product in the transformation of tryptophane to 


Pig. 3. Galls produced on excised tomato roots by indole-S-aeetic acid. A. Root 
tip and brandies in 0.05 mg. indole-3 -acetic acid per liter, x 24. B. Root tip and 
branches in 0.025 mg. per liter, x 24. C. Cut end of primary root in 0.05 ing. per liter. 
x24. D. Medial swelling, showing branch and excess root hairs. Root in 0.05 mg. per 
liter. x24. E. Root tip treated with 0.5 mg. per liter (retouched) , x 60. P. Middle 
section of root in 0.5 mg. per liter (retouched). X 60. 

indole by microorganisms (2, 21), these substances were tested for their 
possible carcinogenic effect upon 78 roots. With tryptophane (lO"'^' to 10"® 
molar) a few swellings resulted, but neither hypertrophy nor initiation of 




I^iG. 4, Histological sections of tomato roots grown in mtro in the presence of indole- 
3-aeetic acid. xlOO. A. Normal untreated root section. B-D. Treated roots. 
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root primordia was observed. No effects comparable to those elicited by 
indole-S-acetic acid were seen when indole (200 to 0.1 mg. per liter) was 
added to the nutrient fluid. 

The addition of acetic acid (10"^ to 10"® molar) and of changes made by 
the addition of potassium hydroxide and hydrochloric acid in the pH of the 
nutrient solution (pH 0.95 to 11.5) were studied because acetic acid is part 
of the indole-3-acetie acid molecule, because it has been reported to causa 
plant tumors (17), and, also, because we have observed in various experi- 


TABLE 2. — The effect of indole-S -acetic acid and transfer to normal nutrient 
medium upon the growth and the number of secondary roots formed by excised tomato 
roots 


Number of 


Concentration (mg./l.) of indole-S -acetic acid 


root cultures 
per concen- 
tration 

5.0 

0.5 

0.05 

0.025 


B. 

L. 

B. 

L. 

, B.... 

L. 

B. 

10 i 

20—0.025 

o 

o 

o 

1 2 ' ' 

1 ^ 

2 ' 

i 3 1 2 


Transfer to normal nutrient medium 


Percentage 





survival 

10 

60 

80 

90 
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ments that the addition of indole-3-aeetic acid increases the acidity of the 
medium. The results with acetic acid were negative (20 root cultures). In 
the hydrogen-ion-concentration experiments (121 roots) no swellings were 
observed, but a few cultures showed increased root hair production, irregular- 
ity in shape, and excess development of root histogens ; growth was maximal 
between pH 3.4 and 5.0. In table 3 are given the data from pH 3.0 to 5.7, 


TABLE B.—The ef eet of hydrogen-ion concentration upon the growth and the num- 
ber of secondary roots formed by excised tomato root tips 


Number of 
roots per 
concentration 

Average pH of culture medium 

1 

Average growth^ 

Initial pH after 
sterilization 

pH after cul- 
ture period 

L. 

B. 

i 

5 

3.0 


0 

1 

6 

1 ' 3.1 

2.8 

2 

1, 2 

2 

3.4 


29 

6 

5 

i 3.5 


2 

0 

4 

3.6 


39 

4 

6 

4.1 

5.3 

45 

‘ ■ 4 

6 

4.2 

4.0 

54 

4 

5 i 

4.4 

4.7 

41 

3 

6 

4.8 


29 

2 

6 

4.9 

4.9 

5 

1 

9 

5.0 

5.1 

4 

2 

6 

5.3 

5.5 

4 

1 

5 

5.7 

6.1 

2 

1 


a Cultures were performed at different times of the year, at room temperature, and 
hence, conditions were different. Such variations affect the growth rate. 


DISCUSSION 

Although indole-3-acetic acid has been isolated from Phytomonas tume- 
faciens and many other bacteria and fungi (2, 12, 21), we have observed only 
slight tumor formation following employment of the extracted cultures of 
P. tumefaciens. The weak response noted may be attributed to the use of 
only 6.5 liters of broth, whereas from 140 liters Thimann (19) obtained only 
1 mg*, indole-3-acetie acid, and, furthermore, the difficulties of hormone 
extraction have been observed (11). 

Brown and Gardner (3) first clearly demonstrated that structures arising 
from inoculation of phytohormones into whole plants resembled those i^ro- 
dueed by the crown-gall organism. The present study reports the produc- 
tion of galls in excised roots cultivated continuously 

The gross and microscopic responses of excised tomato roots to indole-3- 
acetic acid resembled those induced on intact and decapitated plants by this 
substance (3, 5, 7, 9, 12, 13), “namely, gall and callus formation, inhibition of 
root elongation, hypertrophy, hyperplasia, root primordia initiation, ne- 
crosis, excess root-hair formation, and the presence of multinucleate cells. 
Similar responses of plants infected with P. tumefaciens have been recorded 
(12, 13, 18). 

In this study it was not possible to demonstrate conclusively either stimu- 
lation or inhibition of tomato root growth with very dilute concentrations of 
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indole-3-acetic acid 10"^^ molar). In these experiments a synthetic 

medium was employed to avoid possible introduction of indole-3-acetic acid 
ill yeast extract. With similar root cultures it has been reported (16, 23) 
that indole-3-aeetie acid was neither an essential nor growth-promoting sub- 
stance; furthermore, tumor production was not mentioned. However, in 
carrot tissue cultures indole-3-acetic acid (0.000001 per cent) was reported 
(4) to promote growth, although at higher concentrations cell hypertrophy, 
root formation, ineristematic activity, and callus formation were observed. 

White and Braun (24) reported that bacteria-free secondary crown galls 
could be removed from plants, cultured in vitro, and when grafted back into 
plants crown gall (bacteria-free) resulted. We have observed that upon 
transfer into normal medium indole-3-acetic acid-root galls have no effect 
upon the growth of new tissue. 

The possible slight activity of tryptophane observed in the present experi- 
ments may have resulted from the irritant effect of the toxic concentration 
employed, or to growth-hormone impurities present in the sample (21), as 
it is reported to be inactive in the Avena test (2). On the other hand, it is 
said to be active in the Pisum root formation test (21). Consistent with 
our observations, indole has not been observed to be an active substance (2, 
21). Acetic acid and alteration of pH of medium failed to induce gall de- 
velopment. It has been stated that acetic acid is inactive in the pea test 
(21), that alteration in the pH of nutrient medium by this acid had no influ- 
ence upon the growth of roots and root hairs (14), and that pH changes by 
hydrochloric acid did not affect inhibition of growth as indole-3-acetic acid 
did (6). Various acids, including acetic acid, have been reported to cause 
tumors (17), but acid effects, in certain cases, were believed (1) caused by 
conversion of phytohormone, already present in the plant, from an inactive 
to an active form. 

In the present investigation overgrowths were shown to be incited only 
by concentrations of indole-3-acetic acid, which actually inhibited growth. 
The technic of plant tissue (or organ) culture has permitted a quantitative 
study of the relationship of growth and tumor formation to the concentra- 
tion of phytohormone, and lends support to the hypothesis of the role of 
hyperauxony in the formation of galls (7, 10, 11, 12, 20, 21) . 

SUMMARY AND CONCLUSIONS 

By means of ether extraction of culture broth in which Phytomonas 
hcmefaciens had been grown indications were obtained that growth substance 
was produced during the course of its cultivation. 

Excised root tips, growing in nutrient solution to which indole-3-acetic 
acid had been added, responded by the production of galls. Microscopically, 
the tumors were characterized by hypertrophy of the cortical and epidermal 
cells, by marked meristematie activity of the pericyclic cells resulting in 
abundant formation of root primordia, by some multiplication of cortical 
cells, by the occasional development of multinucleate cells in the pericycle 
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and cortex, by excess root-bair production with frequent swellings of the 
tips of the hairs, and by stimulation of callus formation at the cut ends of 
the roots. In the higher concentrations of the growth substance there was 
much fragmentation of the epidermal and cortical cells, and, in addition, the 
roots were thickened and of irregular shape. 

Galls were formed only in those concentrations of indole-3-acetic acid 
that caused inhibition of growth. 

Up to dilutions of about 7 xlO“® moles per liter, indole-3-acetic acid in- 
hibited root elongation, reduced the number of branches formed, and 
decreased the total dry weight. Concentrations of 10'^'^, 10"^^, and 10“^^ 
molar did not seem to accelerate the growth of isolated roots growing in con- 
tinuous cultivation in vitro, ^ 

Five mg. indole-3-acetic acid per liter was the approximate lethal dose, 
killing about 90 per cent of the roots. 

The chemical galls persisted after transfer to fresh nutrient solution, but 
all new growth in such media was normal. 

The addition of tryptophane, indole, .acetic acid, or variations in pH in 
control cultures failed to induce the formation of tumors. 

From the Department op Bacteriology, 

New York University, 

New York, N. Y. 
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EBSISTANCE TO MOSAIC YIEUS IN THE CUCUMBERS 

OVBB SHIPRISS, C. H. My EES, AND CHARLES CHUPP2, 3 

(Accepted for publication February 10, 1942) 

For the last 12 years various workers have attempted to develop mosaic- 
resistant cucumber varieties of high quality. This aim was not satisfactorily 
achieved. Moreover, the genetical mechanism involved in the manifestation 
of this disease seemed to be rather complex. 

Porter (8) published the first paper on the reaction of cucumber to 
mosaic. In his breeding work he used the resistant variety Chinese Long, 
which he procured in China in 1925. According to Doolittle, et al. (2), 
breeding studies for mosaic and wilt resistance were initiated by the United 
States Horticultural Station at Beltsville, Maryland, in 1929. At this sta- 
tion both Chinese Long and Tokyo Long Green have been used as resistant 
parents. 

Probably one of the greatest obstacles encountered in breeding cucum- 
bers for resistance to mosaic is the apparent difficulty in differentiating 
various levels of resistance in the second and subsequent generations from 
crosses between resistant and susceptible parents. Thus, in the course of 
breeding operation for high quality and resistance, the latter character is 
progressively decreased. 

The present preliminary report is concerned chiefliy with the reaction of 
cucumbers to mosaic, the genetical mechanism involved in the manifestation 
of virus symptoms, and the criteria for detecting various degrees of 
resistance. 

THE FIRST APPROACH TO THE PROBLEM 

In April, 1940, F 2 progenies from the crosses China x Abbott and Cobb 
(A & C) and Shamrock x A & C were tested in the greenhouse for a study of 
the virus symptoms. Both China and Shamrock were known to be resistant 
to mosaic under field conditions. Various methods of inoculation were 
employed at the 3- to 5-leaf stage, the leaf-rubbing technique proving to be 
the most efficient. This method is similar to that described by Holmes (3)* 

All F 2 plants from these crosses showed mottling after inoculation, al- 
though there was a pronounced difference in the severity of these symptoms. 
In general, the P 2 progeny of China x A & C was more resistant than that 
of Shamrock X A & 0. Some of the symptoms in the former cross were 
delayed for a considerable length of time and appeared on leaves located at 
different distances from the point of inoculation. Moreover, the delayed 

1 Plant Breeding Paper ISTo. 238. The project, Breeding Cucumbers for Resistance to 
Mosaic, is a cooperative one between the Departments of Plant Breeding and Plant 
Pathology at the Cornell University Agricultural Experiment Station, Ithaca, N. Y. 

2 Resident Doctor, Professor of Plant Breeding, and Professor of Plant Pathology, 
respectively. 

3 Thanks are due to Dr. S. P. Doolittle, of the United States Bureau of Plant Industry 
Station at Beltsville, Maryland, ahd to Dr. E. M. Hildebrand, of Cornell University Agri- 
cultural Experiment Station, for their helpful suggestions. 
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symptoms were not so severe and occasionally disappeared after a week or 
two from the date of their first appearance. No constant genetical ratio 
could be obtained from these experiments. 

In order to determine the causes of such delay in the appearance of these 
symptoms, the same progenies and other resistant stocks were divided into 
groups and inoculated at the following leaf stages : cotyledon, first true-leaf , 
2-leaf, 3-leaf, 5-leaf, 8-leaf, 11-leaf and 14-leaf. The results of these inocu- 
lation studies brought to light three important facts : 

1. The delay in the appearance of symptoms is due primarily to genetical 
rather than to environmental factors. 

2. There are 2 distinct types of symptoms of cucumber virus 1. 

(a) Chlorosis — produced mainly on the cotyledons. 

(b) Mottling — ^produced typically only on the true leaves. 

3. All susceptible varieties are chlorotic at the cotyledon stage and all 
tolerant stocks fail to develop chlorosis on their cotyledons. Therefore, the 
criterion for tolerance is the failure to produce chlorosis on 'the cotyledons 
following cotyledon inoculation. As a result of these discoveries some 
changes in the breeding program were initiated in January, 1941, and some 
genetical data also were obtained. 

EXPERIMENTAL MATERIAL 

The following varieties were selected because of their practical and 
genetical interest : 

1. Chinese Long. This inbred was obtained from E. H. Porter, of the 
Iowa Agricultural Experiment Station, and the variety has been described 
by Porter (8), This particular strain had been selfed previously for a few 
generations but inbreeding was continued for an additional four generations. 

2. China. Obtained from Joseph Harris Seed Company, Kochester, New 
York. This variety is closely related to Chinese Long. 

3. Shamrock. The variety was originally developed by E. H. Porter. 
Stocks were obtained from Porter, Vaughan's Seed Store, and A. E. 
Hutchins of the Minnesota Agricultural Experiment Station. One im- 
proved selection was developed at the Cornell University Agricultural Ex- 
periment Station from seed of the original Shamrock furnished by Dr. 
Porter. 

4. Ablott and Cohh (A & C) and Early Russian. Seed obtained from 
J. C. Eobinson, Waterloo, Nebraska. These are two of several susceptible 
varieties tested. Both were selfed for two generations before crosses were 
made. 

The first three of the above varieties are known to be resistant to mosaic. 

GREENHOUSE WORK 

In January, 1941, crosses were made between the resistant parent Chinese 
Long inbred and the susceptible varieties Early Eussian and A & C. The 
first-generation hybrids were tested and grown during the period March to 
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May, and F 2 seedlings were tested early in the spring of the same year before 
transfer to the field. 

Method 

Cucumber seeds in moist paper toweling were incubated at about 34° C. 
The seeds germinated after about 24 hours, and sprouting seedlings were 
planted directly in flats, 2-in. clay pots, or in 2 x 2 x 2J-in. paper bands for 
transferring later to the field. 

The plants were subjected to a 15-hour photoperiod (10 hours of day- 
light and 5 hours of artificial light) up to the set of the first fruit. The aver- 
age air temperature was about 75° F. Extreme fluctuations of both tem- 
perature and light intensity were, however, the rule rather than the excep- 
tion. During the incubation period, which lasted from 4 to 7 days, the tem- 
perature was maintained at approximately 85° F. . 

The original source of the virus was obtained from a diseased cucumber 
fruit. Young infected seedlings were used as inoculum. The virus symp- 
toms on the true leaves were identical to those described by Doolittle (1) 
for cucumber virus 1. 

The various stocks, F^ and F 2 plants were all inoculated by the rubbing 
technique at the cotyledon stage. When inoculated, the cotyledons were 
well expanded, but the first true leaf was not yet fully developed. The tested 
plants were always inoculated together with a check series, comprising at 
least 100 susceptible plants. Because many inoculations were not very 
successful the data for the genetical analysis considered significant when the 
non-chlorotic plants of the check did not constitute much more than 10 per 
cent. The data from the F 2 were then adjusted. 

EXPERIMENTAL RESULTS 

Data on the reaction of the different stocks and hybrids to cucumber 
virus 1 are summarized in table 1. Inoculation was made at the cotyledon 
stage. Under greenhouse conditions all nonchlorotie stocks and hybrids, in 
contrast to the chlorotic varieties, were able to make growth beyond the 
seedling stage. The same varieties, stocks, and hybrids were inoculated and 
plants were subjected to subsequent infection during their life span in the 
field. It was possible then to distinguish at least 5 major groups in respect 
to the resistance of these plants. It is not yet established whether or not 
inoculation at the cotyledon stage only is sufficient for the demonstration of 
all these groups. However, in the case of the Fi hybrids of the cross Chinese 
Long X A & C it was found that if cotyledons are inoculated and plants are 
protected from subsequent infection the symptoms may first appear on the 
third true leaf. It is possible, although no definite proof is available, that 
the virus invades all the resistant plants, and the presence or absence of 
symptoms depends on the age of the plant and the genotype involved. A 
brief description of the 5 major groups follows (Table 1 and Figs. 1 to 4) . 

1. Symptomless. Failure to develop symptoms during the life span. 
The inbred strain of Chinese Long, obtained from Dr. Porter, is probably 


TABLE 1 . — Meaction of different cucumber stoclcs and hybrids to the virus. All were inoculated at the cotyledon stage and then seedlings in 
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homozygous for this character. Whether or not the virus actually invades 
this inbred was not determined. 

2. Highly Resistant, Failure to develop symptoms up to about the 8- to 
12”leaf stage. The variety China falls into this category. The plants re- 
cover from the relatively mild symptoms after a week or two from the date 
of their first appearance. Occasionally a few plants may show very mild 


Fig. 1. Reaction of genetically different cucumber seedlings to encumber virus 1. 
A. Susceptible. B. Tolerant. 0. Resistant (Fj. of symptomless X susceptible). B. 
Symptomless (right). Under very, favorable conditions the Fi hybrids show mild symp- 
toms on the first or second true leaves. 

symptoms at the 1- or 5-leaf stage. ’ This may be due to the heterozygosity 
of the variety. 

3. Resistant. Failure to develop symptoms up to about the 3-leaf stage. 
All hybrids of symptomless x susceptible may fall into this category. The 
plants recover from the mild symptoms but new symptoms may appear again 
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Fig. 3. Eesistance to cucumber virus 1 is dominarit from a practical standpoint. 
The two rows with luxuriant plant growth were planted to hybrids symptomless x sus- 
ceptible. At the left side note the comparative response of tolerant and susceptible stocks. 


Fig. 2. Eeaction of the resistant variety China (left) and the susceptible variety 
A & C (right) to cucumber virus 1 under field conditions. Both varieties were inoculated 
at cotyledon stage. 

and subsequently disappear. Under very favorable conditions for virus 
multiplication mild symptoms may appear on the first true leaf of these 
hybrids. 



Fig. 4. A tolerant selection (F 5 ) from a cross Shamrock x A & C. Although some 
mottling is present on the leaves the plant is not very stunted and fruit is not impaired. 
This is an excellent slicing type. (See seedling reaction of the same stock in figure 1 .) 

remain stunted at the seedling stage for a long time, becoming rather 
'%oody^^ in appearance and never reaching maturity. Also in the field 
these stunted plants do not reach maturity hut they do not die as do vigor- 
ously growing plants which become infected at a later stage. If susceptible 
plants are infected at maturity the fruits may show mottling and are unmar- 
ketable (1). 

THE GENETICAL. MECHANISM 

Very meager data have been published on the genetical control of plant 
viruses. Holmes (4, 5) described four interesting types of responses to 
tobacco virus 1 (distorting strain) in Capsicum frutescem, which he attrib- 
uted to a series of allelomorphic genes. Nolla (7) found that in tobacco 
inheritance of reaction to tobacco mosaic is controlled by duplicate genes 
and that resistant plants have the double recessive genes. Holmes (6) con- 
cluded that in the ability to produce necrotic , primary lesions is 
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4. Tolerant. Failure to develop chlorosis on the cotyledons. Symptoms 
on first true leaf may be mild or severe, at least for a given period of time. 
The data in table 1 indicate that all strains of Shamrock have these charac- 
teristics. However, they differ in their ability to overcome the symptoms 
and to reach maturity without great loss in yield. The most tolerant strains 
of this’ group do not show any symptoms on the fruit (Fig. 4) and in this 
respect they possess this important characteristic of the resistant groups. 

5. Susceptible. Ability to develop chlorosis on the cotyledons. All com- 
mercial varieties produce chlorosis following cotyledon inoculation. 
Chlorosis is followed by severe mottling and stunting of the plants. Under 
greenhouse conditions the plants may be killed within a short period or 
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due to a single dominant gene, and the ability to produce systematic chlorosis 
is due to the recessive allele. In this case the conclusion was based on data 
obtained from a cross between Nicotiana digluta (necrotic type) md Nico- 
iiana iabacum (chlorotic type). The Fi has two sets of faJaatm chromo- 
somes which synapse and one independent set of ghitinosa chromosomes 
(24TT + 12G) . Prom such breeding material one could not expect to obtain 
a Mendelian ratio or to prove genetically the allelomorphic nature of the 
characters necrosis and chlorosis. 

Porter (8) suggested that resistance to cucumber mosaic in the cucumber 
is due to one or a few recessive genes. Although not valid, such a conclu- 
sion may be made if data be obtained from growing Pg seedlings only. 

In order to gain a satisfactory understanding of the genetical mecha- 
nism involved in the manifestation of cucumber virus 1, it is essential to con- 
sider 2 distinct developmental phases : 1. The cotyledon phase, in which 
only the reaction of the cotyledons is considered. 2. The composite tnie- 
leaf phase, in which the response of any given leaf stage is referred to. 

It was definitely established that resistance, as indicated by the failure 
to produce chlorosis, is dominant at the cotyledon stage. First generation 
hybrids of symptomless x susceptible, resistant x susceptible, and tolerant x 
susceptible react similarly in this respect. 

As these hybrids reach the true-leaf stage they invariably show mottling 
on their leaves. In these hybrids, however, the adverse effect of the virus 
varies from no pronounced effect to a relatively marked stunting, depending 
on the genotypes involved. The hybrids of Symptomless x Susceptible 
manifest very mild symptoms, which soon disappear and are not affected to 
any appreciable degree by the invasion of the virus. On the other hand, 
hybrids of tolerant x susceptible are somewhat stunted at early stages, 
although eventually they do overcome this condition. 

A summary of the data on the reaction of P 2 seedlings at the cotyledon 
stage is presented in table 2. The observed ratio between nonchlorotic and 
chlorotic plants is in good agreement with the theoretical 27 : 37 ratio, indi- 
cating the action of 3 complementary genes. Only 48 plants of the back- 
cross Pi ( symp tomless x suscep tible ) were inoculated at the 

cotyledon stage, together with a check series of 61 seedlings. The check 
series became 100 per cent chlorotic, while 6 plants of the backcross popula- 
tion of 48 were nonchlorotic. Although this is a perfect 1 : 7 ratio, as would 
be expected on the basis of 3 complementary genes, the size of the popula- 
tion is rather small. 

Thus, at the cotyledon stage, the P 2 population is divided into chlorotic 
and nonchlorotic groups. As this P 2 population reaches the true-leaf stage 
the ratio 27 resistant’^ to 37 susceptible’^ is constantly changing during 
development. Of 523 P 2 plants only 3 were suspected to be symptomless 
through their life span. It is apparent that any attempt to secure a Men- 
delian ratio from growing P 2 plants is futile. Not only the age of the plant 
but temperature and other environmental factors have a pronounced effect 
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upon inhibition or stimulation of the appearance of symptoms during de- 
velopment. Moreover, some plants seem to overcome the previous symptoms 
and will, therefore, be classified erroneously as symptomless. It appears 
that in order to secure reliable data relative to the total genes involved in 
the manifestation of mosaic symptoms, it is essential to keep weekly records 
on each F 2 plant at least to the stage in which symptoms first appear. 

The fact that only 3 symptomless plants were recovered out of 523 F 2 
plants may suggest a 1 : 63 ratio to correspond with the initial 27 : 37 ratio 
at the cotyledon stage. This conclusion, however, cannot be justified, be- 
cause it is possible to isolate several homozygous races which vary in their 
degree of resistance. On the basis of 3 complementary genes there can be 
only 1 homozygote for resistance; therefore, it is necessary to assume the 
presence of 1 or several gene modifiers in addition to the 3 basic genes. 

TABLE ^.-^-Segregating population resulting from a cross between Chinese Long 
inbred, resistant to virus, and Farly Bussian inbred, susceptible to virus. All seedlings 
including the susceptible checJc plants were inoculated at the cotyledon stage. Only the 
characters nonchlorotic vs. chlorotic cotyledons are considered in the genetical classifica- 
tion. Total number of Fo, plants, S12 


Notation 
of cross 

Cotyledon 

Observed 
number of 
plants 

Suscep- 
tible check 
plants 

Ad- 

justed 

numbers 

(A) 

Calcu- 
lated 
numbers 
(27: 37) 
(C) 

DijBfer- 

ence 

(C-A) 

D/P.E. 


! Nonchlorotic 

176 

18 

152 

165 



CEl 

Chlorotic 

216 

164 

240 

227 

13 

2.0 


Nonchlorotic 

188 

7 

171 

177 



OE2 






6 

0.9 


Chlorotic 

232 

93 

249 

243 



Total 

812 

Nonchlorotic 

Chlorotic 

364 

448 

25 

257 

320 

492 

343 

469 

23 

2.4 


These modifiers, it is assumed, are chiefly effective only after the cotyledon 
stage. The homozygous strains that vary in degree of resistance have either 
the 3 dominant genes and all the recessive modifiers, or the 3 dominant genes 
and 1 or more dominant modifiers. The true symptomless plant is assumed 
to be homozygous to the 3 basic dominant genes and to the maximum domi- 
nant modifiers present. The true ratio between symptomless and symp- 
tomatic plants is not 1 : 63, but at least 1 : 255 or 1 : 1033. 

The F 2 chlorotic group also is not uniform in its reaction and, as a whole, 
is less susceptible to the virus than is the check; in fact, very rarely is a 
chlorotic plant found in this group that is so severely affected by the virus 
as is the check plant. This evidence further substantiates the thesis of 
multiple factors as applied to this case. The true susceptible plant may be 
assumed to be homozygous to the 3 basic recessive genes and to the maxi- 
mum recessive modifiers. 

Thus it appears that the genetical mechanism involved in the manifesta- 
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tioH of virus symptoms in tlie cucumber follows a developmental pattern. 
At tbe cotyledon stage 3 complementary genes are responsible for the ability 
or the failure to produce chlorosis. As the Fs population reaches the true- 
leaf phase, the initial genetical ratio is constantly changing during develop- 
ment. At this phase several gene modifiers, in addition to the 3 basic genes, 
also play a role in the manifestation of virus symptoms. As a result the 
frequency of symptomless plants is exceedingly low. 

Criteria for Measuring Resistance 

In eases where resistance and susceptibility cannot be regarded as dis- 
tinct qualitative characters, a general method for detecting degrees of resis- 
tance is of paramount practical importance. Nolla (7), working with 
tobacco, determined degrees of resistance to tobacco virus by the relative 
number of local iesions produced by the infected plants on Nicotiana glu- 
tinosaj Nicotiana repanda^ and Nicotiana ghitinosax Nicotiana taiacum. 
By this method he discovered that the symptomless plants carried the active 
virus also. 

In the case of the cucumber the above procedure is not possible, because 
cucumber virus 1 will not produce local lesions on Nicotiana glutinosa or 
other known plants. However, we do have a reliable and very simple 
method for detecting degrees of resistance to mosaic in the cucumber. The 
first requirement of this method is cotyledon inoculation. The criterion for 
tolerance is the failure to produce chlorosis on the cotyledons. All tested 
plants that are non-chlorotie are subject to further observation during 
seedling development. The degree of tolerance is determined by the rela- 
tive distance from the inoculated cotyledons to the true leaf on which symp- 
toms appear. The greater the distance the greater is the resistance. The 
above statements should not be considered as a mathematical formula. They 
do serve, however, as a guide for the breeder. Temperature and other 
environmental factors have great influence on the appearance of symptoms, 
and therefore in making decisions one should also be guided by the severity 
or mildness of the symptoms and by the rapidity with which plants over- 
come them. 

SUGGESTIONS TO PRACTICAL BREEDERS 

In order to produce symptomless varieties of cucumbers it is essential to 
use a resistant parent of the Chinese Long type. On the basis of an F 2 ratio 
of 1 : 63, not less than 46Q plants should be grown in order to obtain, with a 
reasonable degree of assurance, 1 symptomless plant. However, as has 
been shown in this paper, more genes are involved in the inheritance of re- 
sistance to mosaic and therefore a much larger F 2 population should be 
grown. For example, a minimum of 7,450 plants must be grown if five 
genes are involved and 119,270 if seven genes are responsible for the inheri- 
tance of resistance to this disease. The task of isolating symptomless plants 
is not so difficult as it may appear. At the cotyledon stage it is possible to 
discard about 57 per cent of the Fa seedlings after inoculation. Within a 
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period of six or seven weeks more than 90 per cent of tke total F 2 population 
can be eliminated. The seedlings can be grown in the greenhouse or in the 
field. In the latter case they should be planted very thickly, all symp- 
tomatic plants being discarded at weekly intervals. Several thousand plants 
can be handled in this way without much difficulty. Eepeated crosses of 
symptomless selections with the commercial types will result in isolation of 
desirable symptomless varieties. The two great advantages of this method 
are: 

1. A symptomless variety will prove to be more desirable in the long run 
from an economical point of view. Tolerant varieties are more apt to fur- 
nish the basic material for virus mutation and source of inoculum. 

2. The breeder can be sure that his selections are always homozygous for 
resistance and will breed true for this character. Other breeding methods 
can be used, the important consideration being that each selfed generation 
must be subjected to cotyledon inoculation and selected plants preferably 
should be symptomless up to the 3-leaf stage. By this inoculation method 
high resistance can be maintained during the breeding program. 

SUMMARY 

The genetical control of virus symptoms in the cucumber and criteria 
for measuring resistance are discussed in this preliminary report. 

In order to understand the genetical mechanism involved it is essential 
to distinguish between two developmental phases, (1) the cotyledon stage, 
and (2) the composite true-leaf stage. 

1. Three complementary genes apparently control the ability or the 
failure to produce chlorosis at the cotyledon stage, the genetical ratio in F 2 
being 27 nonchlorotic to 37 chlorotic. 

2. The ratio of 27 : 37 is constantly changing at the composite true-leaf 
stage. At this stage several gene modifiers also take part in the genetical 
control of virus symptoms. Thus, the frequency of symptomless plants is 
very low. 

3. The presence or absence of chlorosis on the cotyledons determines 
whether the tested plant is susceptible or tolerant to mosaic. 

4. The degree of tolerance can be determined by the severity or mildness 
of symptoms and by the relative distance from the inoculated cotyledons to 
the true leaf on which symptoms first appear. The greater the distance the 
greater is the resistance. 

5. All resistant stocks possess the three basic dominant genes. They 
vary among themselves in the relative number of dominant modifiers. 

Some suggestions to plant breeders are included in this paper. 

LITERATURE CITED 

1. Doolittle, S. P. The mosaic disease of cucurbits. U. S. Dept. Agr. Bull. 879. 1920. 

2. — j p. S. Beecher, and W. S. Porte. A hybrid cucumber resistant to 

bacterial wilt. Phytopath. 29: 996-998. 1939. 

3. Holmes, P. O. Inoculated methods in tobacco mosaic studies. Bot. G-az. 87: se- 

es. 1929. 


784 Phytopathology [Vol. 32 

4. Holmes, P. 0. Inheritance of ability to localize tobacco-mosaic virus. Pbytopatb. 
24: 984-1002. 1934. 

5^ Inheritance of resistance to tobacco -mosaic disease in the pepper. 

Phytopath. 27: 637-642. 1937. 

0^ _ — . Inheritance of resistance to tobacco -mosaic disease in tobacco. Phyto- 

path. 28: 553-561. 1938. 

7, Nolla, J. a, B. Inheritance in Nicotiana III. A study of the character for mosaic 

resistance in Nicotiana, tahdcuM L, Jour. Hered. 29: 42—48. 1938. 

8. Porter, E. H. The reaction of cucumbers to types of mosaic. Iowa State Coll. 

Jour. Sci. 6: 95-129. 1932. 



EXPBEIMENTAL AUTOECISM AND OTHEE BIOLOGICAL STUDIES 
OP A GALL-POEMING PEEIDEEMIUM ON NOETHEEN 
HAEDPINES^ 

Malcolm A. McKenzies 
(Accepted for publication November 6, 1941) 

INTRODUCTION 

In view of the relatively meagre extant knowledge regarding aeciospores 
from pine, capable of repeating infection on pine, Arthur^ suggested to 
Snell the possible autoeeism of certain forest-tree rusts. In June, 1932, 
Snell collected aecia of a bark rust on Finns lanksiana Lam. at Schuyler 
Palls, New York. Later, the writer collected aecia from galls on P. hanhsiana 
(Pig. 1, D) near Schuyler Palls, and aecia from galls on Finns rigida Mill, 
at Monument Beach, Massachusetts. 

All of the material collected was apparently the heteroecious gall-f orming 
Periderminm, F. cerebrum Peck,^ since the uredial and telial stages of 
Cronartinm qnercnnm (Berk.) Miyabe were found by SnelP in both 
localities on nearby oaks. 

No reports of autoecious aeciospores on Finns banksiana capable of in- 
fecting P. banksiana or other pines, or the successful inoculation of P. 
banksiana with repeating aeciospores from other pines are to be found in the 
literature. The present study concerns the successful inoculation of Finns 
sylvestrisy P. banksiana, and P. rigida with aeciospores from P. banksiana 
and P. rigida, together with other observations of certain pathological 
phenomena, physiological disturbances, and resistance to the spread of the 
fungus in infected trees. 

1 Part of- a thesis submitted in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy in the Graduate School of Brown University, June, 1935, together 
with additional data obtained in experiments at the Massachusetts Agricultural Experi- 
ment Station. Massachusetts Agricultural Experiment Station Contribution No. 418. 

2 The writer is indebted to Professor Walter H. Snell of Brown University, under 

whose direction investigations reported here were undertaken, for advice during the prog- 
ress of the work and criticism of the manuscript. Grateful acknowledgment for criticism 
of the manuscript is also made to Dr. Alma M. Waterman, D. 8. Division of Eorest Pa- 
thology; Professor J. S. Boyce, Yale University; and Professor A. Vincent Osmun, Mas- 
sachusetts State College. ^ 

3 Personal communication to Professor Walter H. Snell of Brown University from 
Professor Joseph C. Arthur of Purdue University. 

4 Arthur (6) lists Feridermium cerebrum Peck (in parentheses) and Uronur^mm 
cerebrum Hedge, and Long among the 11 synonyms for Cronartium quercuum. The 
principal interest of this paper is not in the nomenclature of the rust, however, nor in its 
taxonomic position, and the designation of the rust involved as Cronartium quercuum is 
used by the writer without overlooking the fact that later investigations may necessitate 
a change of specific epithet. 

5 ft of essor Walter H. Snell, personal communication. 

6 George G. Hedgcock of the U. 8 . Department of Agriculture stated in a letter 
that he had tried numerous inoculations on pines with aeciospores of both Feridermium 
cerebrum and Feridermium fusiforme and had never observed the production of galls. 

7 In May, 1932, just previous to the experiments described in this paper, Professor 
Bnell inoculated pines with aeciospores of Cronartium quercuum from Finus rigida col- 
lected in Massachusetts. His experiments have shown no evidence of repeating aeciospores. 

/ 785-. ■' 
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Fig. 1. Galls produced on Tin%s sylvestris (A, B, 0) after inoculation with aecio- 
spores collected from fruiting galls shown in D (galls about 2i inches in diameter). A 
and 0, approximately natural size; B, somewhat reduced. E. Shaded bell jar used as 
inoculation chamber. F. Celluloid cylinder used as inoculation chamber. G. 7-year-old 
check tiGQ of Finns sylvestris. 
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REVIEW OP LITERATURE 

There are few reports in the literature presenting conclusive evidence 
regarding the autoecism of aeciospores in rusts of forest trees, but these, 
together with certain of the more numerous reports of investigations on 
rusts in general, are of considerable interest in connection with the present 
problem. 

Concerning the simplification of the life-cycle of rusts, Arthur (5, p. 184) 
states ' ‘ There is a general impression among uredinologists that the length 
of cycle shows a tendency to shorten in proceeding from the equator toward 
colder regions of the north. He cites w^ork by Magnus, Ivanov, Morgan- 
thaler, and Fischer to support this statement and adds ‘‘The same proposi- 
tion is further strengthened in tracing the distribution of the microcyclic 
rusts,’’ Eeports of the heteroecious species of the genus Cronariium^ in 
which aecia may produce repeating spores include a Peridermium on Pinus 
■attenuata Lemm., P. contorta Dough, P. jeffreyi Half., P. ponderosa Dough, 
and P. radiata Don. in the western United States (26, 27) , and Peridermium 
pini on Pimis sylvestris in central Europe (14, 22). Spaulding (33) states : 
“In 1913 Meinecke [26] made successful inoculations with aeciospores of 
^Peridermium harknessii J. P. Moore’ upon Pinus radiata under controlled 
conditions. Later (1920) he changed the name of the fungus to Peru 
dermium cerebrum and reported that he. had successfully inoculated Pinus 
radiata with aeciospores from P. radiata and from P. attenuata; and P. 
muricata with aeciospores of Peridermium cerebrum from Pinus radiataJ^ 
In 1929 Meinecke expressed doubt concerning the assignment of the name 
Peridermium cerebrum to the rust referred to in his inoculations and pro- 
posed the name Pendermmm cerebroides (?). He then assigned the name 
P. Harknessii (Gronartium harknessii nov. comb.) to the other California 
pine gall rust, apparently confined to the mountains (28). Arthur (6) 
refers ‘^Peridermium harknessiP’ {Gronartium harknessii Meinecke), Peri- 
dermium flamentosim Pledge., and Peridermium stalactiforme A. and K. 
to Gronartium coleosporioides and states that the three forms may be 
treated as distinct species or as varieties under the names Gronartium 
coleosporioides harknessii, C. c. filament osum, C, c. stalactiforme. Arthur 
also states : “The form on Pinus radiata and P. attenuata, sometimes referred 
to Gronartium quercuum, has been shown by Meinecke [26, 27] in many cul- 
tures to form repeating aecia on P. radiata. Similar cultures were also made 
by Meinecke [28] with aecia from Pinus contorta and P. sabiniana sown on 
Pi contorta, P. radiata, P. Jeffreyi, BJid. P. Goulteri.^^ The report by Haack 
(14) that he obtained abundant infection from inoculations of Pinus 
sylvestris with aeciospores of Peridermium pini from the same host is dis- 
credited by Spaulding (33) because of the conditions under which the ex- 
periments were conducted. Under controlled conditions, however, young 
twigs of Pinus sylvestris with and without wounds were successfully in- 
oculated with aeciospores of Peridermium pini by Klebahn (22), although 

8 No lieteroeeious species of any otlier genus are known to produce repeating spores in 
tile aecial stage (6). 
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Liro (24) eleven years earlier had reported that no infections resulted from 
169 inoculations of Finns sylvestris with aeciospores ot Peridermium pini 
Finns ponderosa var. scopnlornm Englem., P. contorta, P. sahiniana Dough, 
P. caribaea Morelet, P. mariana Du Eoi, P. pinea L., and P. halepensis Mill, 
were successfully inoculated with aeciospores of ‘‘Periderminm Harknessip^ 
from P. contorta; and P. ponderosa and P. virginiana Mill, were also suc- 
cessfully inoculated with aeciospores of ^‘Peridermmm HarknessiP^ from 
Finns ponderosa by Hedgcock and Hunt (15). Also, a bark rust, ‘‘Wood- 
gate Eust/^ on Finns sylvestris, in which no alternate form is known, pro- 
duces a gall somewhat like that of Periderminm cerehrtim. 

Spaulding (33) reports that the possibility of autoecism of Cronartium 
rihicola Fmeh. {Periderminm stroM Kleb.) was considered as early as 1913, 
“but no evidence of the spread of the fungus directly from pine to pine was 
found.’’ He cites work by Klebahn, Hennings, and himself in which nega- 
tive results were consistently obtained. 

Galloway (12) reports a microeyclie rust, Gallowaya pinicola Arth.,® 
which occurs on the leaves of Finns virginiana throughout the range of the 
host in the Allegheny Mts. from Maryland to Tennessee. This rust is also 
reported to have occurred in western Siberia on P. cemira L. (6). At one 
time the correlated macrocyclic species appeared to be Coleosporinm 
helianthi (Schw.) Arth. (5), but recently Arthur (6) stated “The correla- 
tion of this microcyclic species with a particular macrocyclic form is some- 
what uncertain, but it seems to accord well with Coleosporinm inconspicmim 
(Long) Hedge. & Long {Periderminm inconspicnnm Long), less so with 
C. helianthV’ 

In studies of host resistance, Palladin (29) concluded from his work with 
cereals grown in silicic-acid-defieient solutions that silica in cell walls may 
have an important part in protecting plants against rust infection. Klebahn 
(21) considers the difficulty of obtaining successful inoculations with rust 
fungi in old leaves to be a result of the greater resistance of the cell walls of 
the epidermis. Arthur (3, 4), Sappin-Trouffy (31), Cobb (9), and Hursh 
(17) have found that the morphological nature of the host may qualify the 
development of the mycelia in the host plants. On the other hand extensive 
investigations by Ward (41), Eriksson and Henning (10), Biffen (7), 
Vavilov (38, 39), Garber (13), Allen (2), Hursh (17), and Zimmermann 
(43) have frequently demonstrated that morphological conditions cannot 
always explain resistance. Hutchinson (18) suggests that resistance to 
rust infection may be morphological or physiological or a combination of 
these types. 

Various physiological phenomena have been investigated by many ob- 
servers in connection with inf ection by rusts. Photosynthesis, transpiration, 
respiration, and tests of cell contents have been subjects of numerous studies. 
According to reports, except in the case of “green islands” described by 
Mains (25) and Eice (30), both gametophytic and sporophytic rust mycelia 

9 Artlmr refers Gallowaya 'pinicola, Gallowaya pini Artli., and Coleosporinm pini Gall. 
to Coleosporinm pinicola ji. Qomb, 


1942]" McKenzie: Experimental Study op Peridermium 789 

in host plants cause a decrease in the amount of chlorophyll in the cells and 
may limit photosynthesis to such an extent as to prevent further develop- 
ment by the parasite. Numerous reports in the literature indicate that 
transpiration is considerably increased in rust-infected plants, although 
there are few accurate data available on this point. The various reports 
concerning the effect of rust infection on respiration agree uniformly in 
showing a greater intensity of respiration following infection. Except for 
certain records, which may require special explanation, most observers state 
that there is a definite relation between the relatively large quantity of 
starch present during the early growth of the fungus and the diminution 
of starch as the fungus becomes established. In general, reports agree that 
all degrees of chlorophyll loss and plastid destruction may result in rust- 
infested plants. Evidence concerning calcium oxalate in such plants ap- 
parently is conflicting, since both increased and decreased amounts are 
reported (11, 34, 40). Patty or resinous substances may be present in 
abundance in rust-infested conifers owing to the increased number of resin 
ducts, according to Adams (1). Likewise, byproducts resulting from a 
disturbance of normal conditions in plants may result in maize and sorghum. 
Rice (30) indicates that various color-producing substances, notably antho- 
eyanin, may occur when these plants are infected. 

GERMINATION OF AECIOSPORES PROM COLLECTED MATERIAL 

Spores from all galls collected in 1932 and 1934 for the inoculations just 
described germinated readily for a period of approximately four weeks. 
After that time germination was erratic. Cooling with ice was found to 
stimulate germination. Each of the germinated spores was observed to 
produce from 1 to 3 germ tubes, which became somewhat branched within 
12 hours. Under favorable conditions approximately 90 per cent of the 
spores germinated in 12-hour periods. The optimum temperature for 
germination in distilled-water drop cultures was 10 to 12° C. Germination 
did not occur above 20° C. or below 5° C. No spores were observed to 
germinate later than 10 weeks after collection. Reports on the longevity of 
spores of Cronartmm ribicola have been rather completely reviewed by 
Spaulding (33). 

In the sectioned material prepared in the present studies, the cells of 
the mycelium giving rise to aecia were uninucleate. The spores produced 
by the aecia were binucleate, and upon germination were observed to form 
germ tubes, but never basidia (promycelia). The germ tubes of the rust 
spores under investigation differ from those of the aeciospores of Cronartinm 
riMcola in that those of the former are fewer in number and branch less. 
Otherwise, the present observations and results are similar to those reported 
for the germination of aeciospores of C. riMcola and the germination of 
spores in Meinecke^s experiments on repeating pine rusts. Also, the spores 
of the woodgate rust from galls on Pinus sylvestris have been observed to 
germinate with a germ tube (True (37)). Therefore, from the results of 
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the germination studies, it would appear that the spores as reported by 
Meinecke (28), the spores of the woodgate rust from galls on P. sylvestris, 
and the spores concerned in the present study were aeciospores in the 
proper sense of the term, and not different from the aeciospores of C. rihicola 
and other heteroecious forest-tree rusts, except that the germ tubes of the 
former will reinfect the aecial host. 

EXPERIMENTAL METHODS 

In June, 1932, experiments were begun with 12 trees of Pimcs sylvestris 
and 6 trees each of P. lanksiana and P. rigida, exclusive of checks ; and in 
June, 1934, experiments were begun with 20 trees of P. lanksiana and 12 
trees each of P. sylvestris and P. rigida, exclusive of cheeks. All trees were 
certified, inspected nursery stock less than 10 years old and were free from 
physical defects. The pines were inoculated out-of-doors, and no rust or 
other evidence of infection was apparent prior to the inoculation of the 
trees. All practicable precautions were taken to limit outside factors. 

In the 1932 experiments, the trees were inoculated with aeciospores col- 
lected by Snell from Pinus lanksiana in a forest of natural growth near 
Schuyler Falls, N. Y. In the 1934 experiments the trees were inoculated 
with aeciospores collected by the writer in the New York location and also in 
Massachusetts. 

The technique employed in the inoculation of the pines included opera- 
tions similar to the modification of Hubert’s technique employed by York 
(42) in his inoculations with the woodgate rust fungus and Meinecke ’s (28) 
technique in his experiments with repeating pine rusts, and the modifica- 
tions of Hunt’s (16) iceless-refrigerator method described by Snell and 
Gravatt (32). The details are given here only for the use of celluloid 
cylinders shaded from direct sunlight. 

The trees were inoculated immediately after sun-down by depositing 
fresh, ripe aeciospores with a sterile camel-hair brush upon wet unwounded 
and wounded bark of growth of the current season and previous years. 
"Wet cotton wicks were wrapped at the lower limit of the inoculations if the 
trees were small enough to be covered with bell jars (Fig. 1, E). On larger 
trees celluloid cylinders (Fig. 1, F) with wet cotton plugs at either end were 
used to cover the inoculations. All cotton plugs and wicks were kept wet 
and the inoculated trees were kept in a moist atmosphere, shaded from 
direct sunlight for four days following inoculation. Some of the checks were 
given exactly the same treatment as inoculated trees except for the applica- 
tion of the aeciospores, while some checks were left untouched (Fig. 1, 6). 
Most of the material for sectioning was collected from inoculated and un- 
inoeulated trees at intervals varying from 24 hours to almost three years 
during the course of the experiments. 

In the preparation of tissues for sectioning, the following killing and 
fixing solutions (8, 23, 35) were used: osmic acid (2 per cent aqueous solu- 
tion), picric acid in concentrated aqueous solution, Formalin alcohol (5 parts 
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Formalin to 100 parts 70 per cent alcohol) , Flemming’s mixture (an aqueous 
solution of chromic acid, 0.25 per cent, containing 0.1 per cent of osmic acid 
and 0.1 per cent acetic acid), Carnoy’s solution and Schaffner’s chromo- 
acetic acid solution. The last-mentioned solution was the most successful. 
Some material was imbedded in paraffin following Zirkle’s (44) butyl-alcohol 
method and later sectioned on the rotary microtome in order to obtain serial 
sections. Other material was imbedded in nitrocellulose, as outlined by 
Jeffrey (19, 20), and cut on the sliding microtome. Jeffrey’s method was 
particularly successful in the preparation of gall tissue for sectioning. Free- 
hand sections were cut directly from freshly collected material and some 
sections were cut by the ether freezing-microtome from material boiled in 
water. Transverse, radial and tangential sections 10-20 p thick were cut 
in the various ways mentioned. 

Three different combination stains were tried on the sections: Delafield’s 
haematoxylin and erythrosin; Flemming’s safranin, gentian violet, and 
orange G ; and the orseillin and anilin-blue stain described by Strasburger 
(36) . The stain combinations of Delafield and Flemming proved very satis- 
factory for the study of uninfected tissue. For the study of mycelium in 
host tissue the orseillin and anilin-blue combination stain was most helpful. 

In connection with the study of normal and infected tissue, microchemi- 
cal tests were made on freshly cut freehand sections for the identification of 
cellulose, cutin,’ lignin, suberin, pectin, starch, fats, gums, tannin, and resin. 
The tests recommended by Kraemer (23) were followed. 

field observations 

All of the inoculated trees of Finns sylvestris and P. hanksiana and some 
of P. rigida have shown varying responses to infection, including : bark dis- 
coloration, gall formation, leaf easting, witches ’-brooms, dwarfing, and ne- 
crosis. A few of the inoculated P. rigida trees developed no symptoms of 
infection and none of the checks at any time appeared to be infected. Ob- 
servations showed infection to be limited to the growth of the season of the 
inoculations. These inoculations resulted in the production of mycelium 
in all of the species of pine tested, but galls were formed only on P. sylvestris 
inoculated with aeciospores from P. hanksiana. Seven galls were formed on 
one 5-year-old tree of P. sylvestris. Certain of the galls resulted in the 
formation of witches’ brooms. Numerous investigations of witches’ brooms 
associated with rust infection have been previously reported (5, 6, 28). The 
galls (Pig. 1, A, B, C ; Fig. 2, B) were not uniformly characteristic of any 
particular rust. Sometimes they were elongated swellings along the stem. 
At other times they showed indications of forming almost perfect pyriform 
structures. No aecia or pycnia appeared on the galls, although mycelium 
was abundant throughout the gall tissues. Arthur (6) indicated that 
pycnia were usually not found associated with galls in autoecious rusts, 
although True (37) reported them in woodgate rust. At no time did the 
young galls appear similar to the typical young galls found in woodgate 
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rust. It should be noted here that reports on the latter rust indicate that its 
aeciospores will not inf ect P, 

On all species of pine inoculated with aeeiospores from all collections 
there were observed numerous cases of slight roughening, swelling, or dis- 
coloring of the bark, which did not result in the formation of galls. Similar 
phenomena for other rusts are described by Hutchinson (18) and others. 
Some cases were observed where the leaders of inoculated pines were very 
heavily infected and discoloration of the bark was noticeable. In such cases 
leaf casting and death of the leader, or in the case of the very young trees, 
of the entire tree, were not uncommon. In still other cases dwarfing re- 
sulted. Although the death of cells, organs, or entire plants is compara- 
tively rare in connection with rusts as a group, because of their almost per- 
fect adaption as obligate parasites, necrosis does occur in certain cases. For 
example, the death of young trees oi Finus sylvestris and Pimcs montana 
Mill, results from attack by a rust commonly called the ''pine twister so 
named because the mycelium of the aecial stage causes the shoots to twist 
about the point of attack. Also, dwarfing or death of trees commonly re- 
sults when white pines under 20 years of age are infected with Cronartnm^ 
ribicola. 

HISTOLOGICAL STUDIES 

Histological studies of noninfected tissues of the various pines concerned 
in the present study showed no important cytological differences between the 
trees that developed galls, the trees in which rust infection resulted in severe 
defoliation or death, the trees showing no effect from inoculation, and the 
checks. Likewise, microchemical tests on fresh sections from the various 
trees showed no significant differences in the stored food material or in the 
composition of the cell walls. Certain quantitative variations in fat and 
tannin were observed, but numerous investigations in addition to the present 
study indicate that these substances may vary considerably in plants, even 
in different twigs of the same plant. 

In a study of the mycelium in the bark of inoculated pines, the’hyphae 
were always intercellular and followed along the rays past the cambium and 
into the xylem. In this latter tissue the hyphae were confined chiefly to the 
ray cells. In tangential sections, the cortex and especially the phloem 
showed abundant mycelium in strands. Groups of phloem parenchyma cells 
often were surrounded by strands of hyphae. In both the phloem and 
xylem rays, hyphae may completely fill the enlarged intercellular spaces, 
which have resulted from the advancement of the mycelium. 

Haustoria (Fig. 2, A) are apparently always unicellular. They were 
seldom found in young hyphae, but in old infections were observed in all 
types of host cells, including resin cells and the lumens of the tracheids. 
The formation of haustoria is thought to indicate a change in the nutritional 
relationship (5, p. 230) of the parasite and host, but the exact relationship is 
not known. The haustoria apparently have the power to pierce the cell 
walls at any point, but no further evidence relative to their function was 
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2. A. Hanstoria in tangential longitudinal section of bark of Finns sylvestris. 
B. Gall from which section shown in A was obtained, x 1.. 
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observed. Young banstoria are usually straight, constricted at the point of 
passage through the cell wall, and distended inside the cell. In the ray 
cells the haustoria reach their most complete development. 

The host cell and its nucleus showed no evidence that the parasite inter- 
fered with the normal growth of the cell. Stimulation toward gall forma- 
tion was observed, but no relation between haustoria and increased cell divi- 
sion in bark cells was noted. Frequently, haustoria were no more numerous 
in areas where gall formation was stimulated than in other areas. 

Microchemical tests on fresh sections made at the borderline of the ad- 
vancing mycelium in infected plants showed an abundance of starch, fat, 
resin, and tannin in tissue recently infected and in adjoining uninfected 
tissue. In cells apparently infected for a considerable period a marked 
decrease in tannin was observed. 

The examination of sections from inoculated pines in which infection 
had not resulted in the formation of galls, including all three species of pine 
used in these experiments, showed two significant host reactions : (1) defolia- 
tion, which resulted in no permanent injury to the host, and (2) death of 
leaders or other new growth. In sections from pines in which defoliation 
occurred without apparent permanent injury to the trees, rust mycelium was 
present in dead cortical cells that had been cut off from adjoining tissues 
by a cork layer. Infection apparently made no further progress in such 
trees. 

In sections from other trees where portions of new growth were ulti- 
mately completely killed, mycelium penetrated through the cork tissue into 
other living tissue where it remained alive for a limited period of time. 
Many haustoria were produced by the old persistent hyphae. Other cork 
layers were formed, however, and cut off the infected tissue. Sometimes this 
process continued for a while, but as the mycelium advanced, the limits of 
the newly infected area were more narrowed than those of the previously in- 
fected area, and finally a cork layer completely surrounded and cheeked the 
growth of the mycelium. In no case did sections of trees with dead leaders 
or sections of temporarily defoliated trees show that the rust had succeeded 
in attaining the mutualistie relationship in the host necessary for the true 
establishment of rust mycelium in plant tissue. 

In general, the details of the histology of the sections from trees in which 
rust mycelium failed to become permanently established were similar to 
those known to occur in tissues of trees recovering from wounds. From the 
point where the advancement of the rust mycelium appeared to be checked 
in the host tissue, the histological details in the present study were some- 
what similar to those described by Hutchinson for his inoculations ot Pimis. 
sylvestris with repeating aeciospores of woodgate rust. He found that con- 
siderable pathological tissue is formed during the time the rust mycelium 
is present in the host, but concluded that transient infection indicates resis- 
tance of the host. In the trees which he called resistant, however, he re- 
ported no such pronounced reactions following infection as occuimed in cer- 
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tain cases in the present experiments. Perhaps in the latter, where infec- 
tion apparently had been arrested, the myclinm was not permanently 
checked and wonld advance further at some later time. It would then ap- 
pear that extremely heavy infection was responsible for the reactions of the 
host resulting in defoliation or death of new growth and also for the delay 
in the establishment of a balanced relationship between the parasite and 
the host. 

PHYSIOLOGICAL STUDIES 

Limited observations were made on the inoculated pines concerning 
physiological phenomena associated with rust infection. Trees in which the 
leaders were killed and temporarily defoliated trees, obviously lost consider- 
able chlorophyll-bearing surface and suffered from the limitation of photo- 
synthesis, respiration, and transpiration. Certain chemical differences in 
cell contents may have had a bearing on physiological reactions. Micro- 
chemical tests mentioned under histological studies indicated that there were 
some chemical differences between infected and uninfected plants. 'Whether 
a rapid reaction of the fungus following infection in leaders or other new 
growth was responsible for the defoliation or death of trees was difficult, if 
not impossible, to determine. Some unbalanced relationship, however, must 
have existed after infection in order for temporary defoliation or death to 
have resulted. In trees in which rust mycelium had spread considerably, 
physiological disturbances apparently were not serious enough to cause such 
conspicuous host reactions, but witches^ brooms have been formed in some 
cases. No satisfactory explanation can be given here for the physiological 
reactions associated with infection. 

DISCUSSION 

There are on record only three or four species of the pinicolous, cauli- 
colous, gall-forming genus Gronartium, the aeciospores of which will re- 
infect pines and which therefore are microcyclic, obligately or facultatively 
as the case may be. One of these is the European Fendermmm pm on 
Finns sylvestris, for which no alternate host is known. The second is the 
C. JiarJcnessii-C. coleosporioides complex on several hard pines (6, 26, 27, 28). 
Then there is the ease of the species on Pimcs radiata and F, atienuaia in 
the western United States (26, 27), doubtfully referred to Cronartmm quer- 
cunm (6, pp. 24, 26, 30). And finally there is the woodgate rust discovered 
by York on Finns sylvestris in New York State, for which again no alternate 
host is known, and which was referred by Arthur to Cronartinm qnercmm 
(6, p. 26) after this investigation was started. 

The present studies were undertaken primarily to determine whether the 
aeciospores collected from pines were capable of reinfecting the pine hosts. 
Aeciospores from galls on Finns tanksiana and P, rigida growing within a 
few yards of oaks bearing uredia and telia were inoculated onto Finns syl- 
vestris, F. hanJcsiana and P. rigida. Studies of the spores used in the inocu- 
lations leave no doubt that they are true binucleate aeciospores which ger- 
minate by means of germ tubes. 
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If the aeciospores used in these investigations were produced by Cronar- 
tium quercuum^ and this species on the hard pines in the eastern United 
States has not previously been known to produce repeating aeciospores, the 
following questions arise : 

1. Is the Peridermium stage of C. quercmcm facultatively autoecious in 
general! That is, are the aeciospores capable of reinfecting pines instead of, 
or possibly as well as, oaks, the usual uredial hosts of this rust 1 2. Have we 

here a strain of C. quercuum on a certain pine host, which has become con- 
firmedly mierocyclic !— that is, one that can infect pines only and oaks not 
at all f 3. Or have we a purely artificial situation created by the conditions 
of inoculation experiments! It is regrettable that these questions cannot 
at present be answered. It can be stated only that it has been found that 
aeciospores of this rust from two pine hosts in two localities, in both of which 
infected oak leaves were found, can reinfect the usual aecial host under 
experimental conditions. 

As to. the bearing of these results upon the problem of the identity of 
the woodgate rust, likewise no conclusions can at present be drawn, because 
the infections and galls produced did not mature sufSeiently to enable one 
to compare them with typical woodgate rust galls. It can be said only that 
there still remains a possibility that woodgate rust may be microcyclic strain 
of C. quercuuniy as Arthur concludes on morphological grounds. 

While it must be admitted that few data are available with respect to the 
prevalence of microcyclic forest-tree rusts, and especially as to facultative 
microcyclicism in rusts that are normally macrocyclic, and while the data 
presented in this paper are meagre, on the other hand it is interesting to 
speculate upon the bearing of these facts upon the evolution of rusts in gen- 
eral. In view of the ‘^general- tendency towards shortening of the life 
cycle ... in cooler climates and higher latitudes’’ (5, p. 185), it would be 
interesting to make observations and perform experiments upon various 
rusts in their more northerly habitats. Cronariium qmrcuum, for example, 
should be investigated in Canada. Furthermore, this species should be of 
special interest because of the possibility of its plasticity with regard to the 
evolution of microcyclic races or species. Meinecke’s successful inocula- 
tions with aeciospores of a species on west coast and mountain pines, doubt- 
fully referred to G. quercuum, and the successful inoculations reported 
herein with aeciospores of what may be this species, are eases in point. 

Repetition of experiments presented here and further investigations 
along these lines are desirable from a variety of points of view. Such studies 
are expensive, time consuming, and difficult to evaluate, but these facts 
should not be permitted to prevent much needed further critical investiga- 
tion of the heteroecious rusts of the genuis Cronartium. At the present stage 
of our knowledge of the subject, one is entitled to wonder what may be the 
situation in the other heteroecious forest-tree rusts not investigated, even 
though failure has marked all attempts to show the repeating character of 
the aeciospores of C. ribicola. Furthermore, it should be kept in mind that 
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there is a very important practical aspect of the subject. Facultative 
autoecism of aeciospores in an economically important rust would present a 
problem of grave importance in the practice of forest pathology, since con- 
trol of the parasite would be materially handicapped by its ability to spread 
after the elimination of the alternate host. 

SUMMARY 

Inoculations of Finns sylvestris, P. hanksiana^ and P. rigida were made 
with aeciospores of a gall-forming Peridermium, presumably referable to 
Gronartium quercuum (see footnote 4), from P. hanksiana and P. rigida. 
The aeciospores used in the inoculation experiments were binucleate. The 
mycelia giving rise to the aeeia that bore the spores were uninucleate. Ger- 
mination of aeciospores always showed them to form germ .tubes. No ba- 
sidia or secondary spores were observed. 

The inoculations resulted in the infection of all hosts. Only in the case 
of Finns sylvestris inoculated with aeciospores from P. hanksiana, however, 
were galls formed. No aeeia or pycnia appeared on the galls. On all spe- 
cies of pine inoculated with aeciospores from all collections, numerous eases 
of slight roughening, swelling, or discoloring of the bark, which did not 
result in the formation of galls, were observed. Histological studies of dis- 
colored bark showed the presence of typical rust mycelia and haustoria. 

Mierochemical tests made of the trees showing infection have indicated 
certain differences between the various plants after infection. No signifi- 
cant differences were apparent prior to infection. In some infected plants 
bark discoloration, abundant mycelia, haustoria, galls, and witches’ brooms 
were observed. In other infected plants defoliation and death of leaders or 
complete necrosis have resulted. 
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THE SPEEAD OP VIRUS DISEASES OP THE YELLOWS 
TYPE UNDER FIELD CONDITIONS 

Vernon L. Frampton, M. B. Linn, anp E. D. Han sing 
(Accepted for publication September 19, 1941) 

INTEODUCTIOH 

The various factors related to wind and weather, which vary in an inde- 
terminable manner and which influence insect behavior, probably are con- 
sidered as insurmountable barriers to a rational consideration of the spread 
of insect-transmitted diseases and the dissemination of the viriferous^ 
agents. However that may be, an understanding of the pattern produced 
under field conditions would be of obvious value to plant pathologists, and 
it seems likely that several applications may be made of an adequate descrip- 
tion of the disease spread and virus dissemination. In this paper the writers 
are attempting such a rational consideration of disease spread in a special 
case of the insect transmission of viruses of the yellows type. Although an 
evaluation of constants cannot be undertaken, the general equation devel- 
oped seems to describe adequately the distribution pattern, inasmuch as data 
we have on hand satisfy the demands of the equation. Unfortunately, 
observations reported have been restricted to the dissemination of yellow 
dwarf of potatoes into potato fields,^ and of the dissemination of aster yel- 
lows into endive and lettuce beds,^ but the results seem interesting enough 
to publish. 

THEORETICAL 

In a consideration of the spread of a virus disease by leaf hoppers, there 
are two extreme cases that may lend themselves to some sort of analysis; 
the one where the spread from plant to plant within the field is important, 
and the second where the spread of the disease from plant to plant within 
the field in question is of no importance and where the bulk of the virus 
effective in the spread has come from sources outside the field. This situa- 
tion would be realized if the virus were picked up by the insect with difficulty 
in the field in question (as, for example, yellow dwarf in a potato field) 
or if the great majority of invading insects were initially viriferous. By 
spread from plant to plant within the field we have in mind that increased 
spread of the disease attributable to the increased percentage of viriferous 
insects resulting directly from insect feeding on plants that were infected 

1 So far as we bave been able to learn, the term viriferous was used initially by 0. P. 

Stahl and Eubanks Carsner ( Jour. Econ. Entomology 16: 476-479. 1923) to connote a 

virus-bearing agent. They later adopted thevt^m viruliferous for the same purpose (Jour. 
Agr. Bes. 28: 297-319. 1924) because ib^^ been used in the medical literature and 
they wished to avoid the duplication of tefins. We like the term viriferous and are 
reintroducing it at the risk of being criticized for nonconformity. 

2 Hansing, E. B. A study of the control of the yellow dwarf disease of potatoes. 
Ph.B. thesis, Cornell University. Unpublished. 

3 Linn, M. B. The yellows disease of lettuce and endive. Hew York (Cornell) 
Agr. Exp. Stat. Bull. 742, 1940. 
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as a consequence of the invasion, A limitation in these deductions is that 
only the case where the spread of the disease from plant to plant within 
the field is of no importance shall he considered. One may feel justified in 
considering that the bulk of the effective inoeula was brought into the field 
in the two cases concerned because, oh the one hand, observations show that 
it is infrequent that leaf hoppers become viriferous from feeding on a 
yellow dwarf potato plant, and on the other hand, there is good reason to 
believe that the percentage of viriferous aster-yellows leaf hoppers that 
invaded our various fields was very high. 

In any analysis of a mathematical nature some assumptions are necessary 
in setting up equations. Should the hypothesized phenomena agree well 
with observation, one may conclude that the assumptions made were reason- 
able, and that he has given expression to a natural law, which, however, 
should be accepted only after extensive study. Two basic assumptions are 
made in the consideration of virus dissemination under field conditions, one 
of which is that the movements of the leaf hoppers involved is random. The 
second assumption, which may not stand too close scrutiny, is that the num- 
ber of plants in a given area that become infected is proportional to the 
number of insects in that area, to the average number of different plants 
an insect will feed on per unit of time, and to the time. That is, the number 
of plants that become infected is proportional to the number that have been 
fed upon. The difficulty with this assumption is that there is in any case 
only a limited number of plants per unit area, and that, as time goes on, the 
number of hitherto unmolested plants becomes less and less, and the proba- 
bility of an infection per unit time consequently becomes less and less. This 
factor is disregarded in the following deductions because its consideration 
gives rise to mathematical difficulties that are indeed formidable, but chiefly 
because it does not seem to have too great a bearing on the problem, as shall 
be seen later. 

In order to facilitate the mathematical treatment one may direct his 
attention to an isolated unit area of the field, having its edges parallel to 
the edges of the field, and consider the events that occur in that area, and 
then sum up the events for the entire field and for the total duration of the 
experiment. In the invasion of a field where the movements of the indi- 
vidual insects is random, there will be more insects entering the unit area on 
the side near the source of insects per unit of time than are leaving it from 
the opposite side, and there will be, consequently, a net gain in insect popula- 
tion per unit time. The component of the movements of the insects parallel 
to the edge of the field near the reservoir cancel out, so that One need only 
consider the flow of insects in the direction perpendicular to the reservoir 
edge of the field. Mathematically expressed, 



insects enter the unit area per unit time where c is the number of insects 
per unit area, x is the coordinate in the direction of insect flow, and K is 
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average distance an insect will move in the x direction in onr unit time 
Se 

interval, and ^ is the density gradient. The number of insects leaving 
the unit area per unit time then is 



and the difference between these two expressions represents the net gain in 
insect population per unit time. The time rate of change of insect popula- 
tion density in the unit area may be expressed as 



( 1 ) 


The concept involved in the development of equation (1) is that the 
migration of insects in mass may be considered as comparable to the flow 
of a compressible fluid. However, a more rigorous derivation may be ob- 
tained from considerations involving some of the principles of the Boltz- 
mann statistics in the case of a 2-dimensional gas, where the average length 
of insect hop corresponds to the mean free path of the gaseous molecules. 
Equation (1) is, in reality, the general equation for the diffusion process in 
one direction, and there is implied a very close analogy between the behavior 
of the individual insect and the thermal motion of an individual fluid mole- 
cule or colloid particle, and K corresponds to the diffusion constant. There 
may be the objection raised that the assumption involved in the derivation 
of equation (1) is not valid because of the effects of wind and various other 
factors on the migration of insects. The answer is that the effects of these 
various factors appears to be one of superposition, and the general pattern 
produced over a reasonable period of time is not affected. That is, the 
general pattern produced will be the same whether the insect migration be 
rapid or slow, and the equation will hold true for any element of time, pro- 
viding the movements of the insects be random. The effect of the factors 
related to weather that affect the insect migration will have an effect on the 
value of K in equation (1), and the value of K is taken over a long period 
of time. 

Equation (1) has to do with the behavior of the insects, whereas the 
primary interest in this paper is in the spread of the disease. Since the dis- 
ease is spread by the insect, there is a very close relationship between the 
two. The connection between the variation of the insect population and 
the variation of amount of disease occurring in the unit area may be shown 
in the following manner. If, for the moment, one may regard the unit area 
as containing a constant insect population, one may write, in keeping with 
the second basic assumption, 

r=:cntE. (2) 

where I = number of plants that have become infected in time t 
e = number of insects per unit area 

n = average number of different plants an insect will feed on per unit 
of time 
t:=time; . 

E = proportionality constant. 
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Now 

SI -D 8c . -o 

gj=cnE + jjtaE 

(3) 

and 

8^1 _ _ 

(4) 


and one may substitute equations (3) and (4) in equation (1) to obtain 


'St t Sx2* 


(5) 


Equation (5) is the differential equation for the spread of a disease under 
field conditions, subject to the limitations imposed. 

The form of the solution of equation (5) that is desired will depend on 
the experimental set up j in the field of physics the experimental conditions 
are spoken of as the boundary conditions. In the present considerations we 
shall take as the boundary conditions: (1) the insect population in the 
freshly plowed field at the start of the experiment is negligible, (2) the area 
that serves as a reservoir of insects has a very large supply of insects and 
that the invasion of the field in question does not appreciably lessen the 
population density in the reservoir, (3) attention will be confined to regions 
not too near the edges of the field. Under these boundary conditions a solu- 
tion of equation (5) that appears satisfactory is 


I = Ete^'’-vsx (0) 

. — ’ , 

where s and are constants of integration and where e is the Napierian 

constant. 

One may, if he desire, divide both sides of equation (6) by the number 
of plants in the unit area without affecting the validity of the equation, and 
thus handle the data in terms of fractions of, or percentages of, plants 
infected. 

Equation (6) may be written in the logarithmic form 

log I = log K4log t + st-Vsx (7) 

and it is seen that two demands made by equation (7) are that, at any given 
time log I be proportional to the distance into the field, and that, at any point 
in the field, log I be proportional to log t -f t. In the case where the varia- 
tion of percentage infection is observed for a definite time, - Vs is the slope 
of the curve, and, at the intercept where x = 0, log I = log K -h log t + st. In 
the ease where we fix our attention to a given area in the field and observe 
the variation of percentage infection with time, and plot log I - log t against 
t, the slope of the curve is s. The value of K may be determined by observing 
the behavior of the insects in question under field conditions. 

EXPERIMENTAL 

The several experiments that have been conducted under field condi- 
tions permitting a test of these two demands by equation (7) may be 
described briefly. The first field plot in studies with yellow dwarf of 
potatoes in up-state New York is shown diagrammatically in figure 1, with 
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the rows planted along contour lines. Between the well-worn lane, at the 
top of the figure, and the potato plot there was a 10-foot uncultivated strip 
in which there occurred weeds, clover, and some clover leaf hoppers. Data 
were obtained by permitting the plants to mature and then tuber indexing 
representative samples in the greenhouse. The old meadow was densely 
populated with yiriferous clover leaf hoppers. " The distance into the field 
was measured at right angles to the contour lines, and -the row width was 
taken as the unit of length (about 18")- The time was necessarily the full 
season. In this case, as well as the various others, yellow-dwarf -free seed 
stock was used. 

There was- nothing unusual about the other potato plots except that they 
were adjacent to fields in which virus-bearing clover leaf hoppers* occurred. 



The work with aster yellows was carried out on Staten Island, N. Y. 
A typical field plot is the endite plot shown in figure 2. The weeds to the 
left served as a reservoir of viriferous aster-yellows leaf hoppers; note 
that the fraction of plants diseased decreases as the distance into the field 
increases. *' 

In figure 3 we have plotted log I, where I is the percentage of plants 
infected with yellow dwarf, against the distance into the various potato 
fields involved in the experiments. The top curve in figure 1 was the one 
obtained from the data taken in our first field plot, namely, the field dia- 
pammatically represented in figure 1. The influence of the insects migrat- 
ing into the field from the lane may be readily seen; there was a decrease 
in infection from row 90 to row number 60. It is evident from figure 3 
that, with the exception of one field, the invasion by the insects was from 
both edges of each field. Note that in each instance one of the demands of 
equation (7) is met ; log I is proportional to the distance into the field. 

4 For details see the article by Hansing, footnote 2 . 
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The situatioti is the same in the case where aster yellows spread into 
endive beds from the adjacent weed patches. Log I, where I is the per- 
centage of plants infected, is plotted, in figure 4, against the distance into 


Pig. 2. Appearance of the typical endive bed in the ease where the aster-yellows 
virus has spread from the adjacent weed patch. 

the field for four separate experiments. The demand of equation (7) that 
log I be proportional to the distance into the field is met by these data. 

In any experiment where the insect population is held constant, I = cntR, 
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Eig. 3. The variation of the percentage of plants infected, with distance into the 
held, in the ease of yellow-dwarf virus spreading into potato fields. 

if the second basic assumption be valid, and the amount of infection occur- 
ring in the area under observation should vary directly with the time, pro- 
vided the time interval is short enough so that the influence of a new brood 
is not of importance. The validity of the assumption involved in equation 
(2) was tested in a set of experiments where areas in lettuce fields containing 



Fig. 4. The variation of the percentage of plants infected with distance into the 
field in the ease of aster-yellows virus spreading into endive beds. 


g06 PHYTOPATHbLOGr ' [VOL. 32 

aster-yellows leaf hoppers were enclosed in a manner that precluded any sub- 
stantial insect invasion. The data for the time increase in infection in the 
enclosure are plotted against the time in curve A of figure 5, and we see 
the justification for our second basic assumption. 

In keeping with this line of thought, a further set of two experiments 
was conducted where observations were made on the time rate of infection 
in a fixed area to which insects had free access. The data, averaged for the 



20 26 17 13 19 
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Fig. 5. The time variation of the percentage of plants infected in fixed areas in 
lettuce beds in the case of the spread of aster-yellows virus. Cure A is for the ease where 
the invasion of the area by the leaf hoppers was restricted ; curve B is for the case where 
there was no restriction imposed on the invasion of the area by the insects. 

two experiments, are plotted in curve B of figure 5. The amount of infec- 
tion occurring in this case is not a linear function of time, but rather varies 
somewhat in the manner demanded by equation (6). * A concurrence in 
the demand of equation (7) is shown in figure 6 where log I is plotted 
against t + log t, with the resulting straight line. , 

In brief, then, a differential equation describing the dissemination of 
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viruses of the yellows type under field conditions has been derived, it has 
been integrated, and data obtained in a few experiments satisfy two demands 
of the integrated form of the equation. As has been pointed out, at the 
present time one is not in position to give values for the constants in the 
equation, and indeed each different experiment will yield different con- 
stants. In reality the full usefulness of this treatment may come when 


L50 
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T + LOG T 

Pig. 6. The log of the percentage infection is plotted against the time + log time 
in a fixed area of a lettuce bed in the case where the invasion of the bed b7 the leaf hoppers 
was not restricted. 

sufficient experimental work has been conducted so that one may obtain the 
most probable value for each of the three constants in the case of each species 
of insect and each crop, in which event much of the guess work in connection 
with the placement of field plots relative to possible insect reservoirs as a 
/means of control of the disease will have been removed. 

SUMMARY 

A differential equation 

SI I .^S^I 
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where I=% infeetion 
t = time 

X = distance into field 
K = constant 

has been developed that describes the spread of virns diseases of the yellows 
type nnder field conditions. The assumptions involved in the derivation of 
this equation were that the movements of the insects involved is random, 
that the number of plants that become infected is proportional to the num- 
ber of plants that have been fed upon, and that spread from plant to plant 
within the field is of small importance. 

The integrated form of the equation is 

I=:Kt^'-VSX 

where s and are constants of integration. The boundary conditions that 
were set up were that the insect population in the newly plowed field was 
negligible, that the insect reservoir was not substantially depleted during 
the course of the experiment, , and that the effects at the ends of the fields 
be neglected. 

Several data obtained under field conditions satisfy two of the demands 
made by the integrated form of the equation. 

Dept. Plant Pathology, 

Cornell University, Ithaca, N. Y. 




Fig. 1. A. Portion of seed sample of Zoysia japonica containing ergot sclerotia. 
B. Sclerotia of Claviceps yanagawaensis. x li. 

It was observed that the sulphuric acid treatment had so charred the 
ergot sclerotia as to suggest their having been killed. To determine this, 3 
sets of 25 sclerotia from each of lot 1 and lot 2, treated, and from lot 3, 
nontreated, were placed on the surface of sterilized soil in 2-in. pots. The 
three 2-in. pots of each set, containing sclerotia from lots 1, 2, and 3, 
respectively, were sunk in soil in separate 6-in. pots. The three 6-in. pots 
then were sunk to their tops in soil out of doors, covered with inverted clay 
saucers, and banked with soil to prevent excessive drying. With such an 
arrangement there were 25 sclerotia from each lot in each 6-meh pot under 
1 The writer is indebted to AlMna F. Musil for making these germination tests. 
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In 1939 the late Dr. A. J. Pieters received a sample of seed of Japanese 
lawn grass, Zoysia japonica Steud., from Japan that contained a high per- 
centage of sclerotia of Claviceps yanagawaensis Togashi (Fig. 1). The 
sample was tested for viability in the seed laboratory. In the first germina- 
tion test, the nontreated seed was placed in moist blotters and incubated at 
alternating temperatures of 20-35° C. Only 36 per cent of the seed germi- 
nated. Two other samples were treated with a 75 per cent solution of 
sulphuric acid, the one (Lot 1) for 20 minutes and the other (Lot 2) for 30 
minutes. These treatments both improved the germination very signifi- 
cantly. Lot 1 germinated 58.0 per cent and lot 2 germinated 58.5 per cent.^ 


CLAVICEPS YANAGAWAENSIS IN IMPORTED SEED OP 
JAPANESE LAWN GRASS 
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identical conditions, and there were three replications, making 75 selerotia 
from, each lot included in this trial. 

The selerotia were placed as described above and the pots sunk out of 


Pig. 2. Selerotia and stromatic head of Claviceps yanagawaensis : A. Germinating 
selerotia. x 2. B. Portion of seed sample treated 20 minutes in a 75 per cent solution of 
sulphuric acid showing charred selerotia. x 2. C. Section through head and upper portion 
of stipe showing perithecia embedded in the head, x 75. D. and E. Cross sections of 
selerotia, showing flattening. x40. ■ 
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doors on November 30, 1939, and were left undisturbed until tbe following 
spring. Counts of germinated sclerotia were made May 17, 1940. None 
of the treated sclerotia had germinated, while 9, 14, and 13 sclerotia, re- 
spectively, had germinated (Fig. 2, A) in the 3 nontreated lots. In other 
words, almost 50 per cent of the nontreated ones germinated, while none of 
the treated sclerotia were found to be viable. 

The following year, using the same source of ergot, an attempt was made 
to determine the minimum treatment necessary to prevent germination of the 
sclerotia. The sclerotia were treated from 1 up to 30 minutes with con- 
centrated sulphuric acid and were placed out of doors, as before, along with 
nontreated sclerotia. Neither the treated nor nontreated sclerotia germi- 
nated the following spring however, which indicated that they were com- 
paratively short-lived. 

THE FUNGUS 

The sclerotia were 0.25 to 1.5 mm. long and 0.5 to 1 mm. wide, flattened 
(Fig. 2, D and E), usually slightly curved, and, for the most part, grayish- 
violet. Some of the sclerotia had a yellowish-green gloss over the surface 
that made them appear lighter in color. It was rather striking to find the 
shiny flattened, indurated glumes of the host attached to almost all of the 
sclerotia (Fig. 1). 

The sclerotia germinated by producing usually 1 stroma, but occasionally 
2, from the apical third of the sclerotium (Fig. 2, A). Under different 
conditions, the number of stromata may be greater, as shown by Togashi.^ 
The stipes measured 4 to 16 mm. in length and 0.3 to 0.5 mm. in width. The 
length for the stipes exceeded, while their width was somewhat less than the 
measurements given by Togashi. This difference may be due to the fact 
that the writer germinated the sclerotia in the dark. Similarly, when the 
writer germinated sclerotia of Claviceps paspali S. and H. in the dark, 
the stipes were much longer than those from sclerotia germinated in the light. 

Measurements of the heads (Fig. 2, C), perithecia, asci, and ascospores 
fell well within the ranges given by Togashi, which were, 0.3-1.0 mm. x 
0.4-15 mm.j 180-320 x 70-190 p ; 85-165 x 4.0-8.0 p j and 75-135x10- 
2.25 p, respectively. From the shape, size, and color of the sclerotia, and 
measurements of the other reproductive bodies, the ergot found in the Zoysia 
japonica seed sample from Japan agrees well with Togashi ^s description of 
Claviceps yanagawaensis. 

Heads pf Claviceps yanagawaensis^ containing mature spores, were 
crushed in sterilized distilled water. This material was then used to inocu- 
late heads of a rye hybrid that was known to be highly susceptible to C. 
purpicrea (Fr.) TuL The rye heads were dipped in the inoculum and rolled 
between the fingers to insure contact of the spores with the pistil. Of the 
thirty heads inoculated, 10 were placed in a moist chamber for 48 hours, 10 
were covered with glassine bags, while the remaining 10 were left uncovered. 
No infection resulted. 

2 Togashi, Kogo. New species of parasitic fungi. I. Transactions of the Sapporo 
Natural History Society 14 : 280-285. 1986. 
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SUMMARY 

Selerotia of Olaviceps yanagawaensis Tog. were found in seed of Japanese 
lawn grass imported from Japan. This fungus had not previously been 
reported in the United States. 

Treating Japanese lawn-grass seed, containing ergot selerotia, with a 75 
per cent solution of sulphuric acid from 20 to 30 minutes killed the ergot 
selerotia, whereas the germination of the seed was improved. It appears 
from the one test made that if such contaminated seed is treated with 
sulphuric acid it may be distributed for planting without the danger of 
introducing a new grass disease into the United States. 

A rye hybrid, known to be highly susceptible to Olaviceps purpurea^ 
failed to become infected when inoculated with mature ascospores of 0. 
yanagawaensis. 

Division' op Forage Crops and Diseases, 

Bureau op Plant Industry, 

United States Department of Agriculture, 

Beltsville, Maryland. 



RESISTANCE OF CERTAIN POTATO VARIETIES AND SEEDLING 
PROGENIES TO RING ROT 


Reinee BondEjI F. J. Stevenson, 2 o. F. 0laek,3 
AND ROBEET Y. AkELEY^ 

(Accepted for publication February 6, 1942) 

INTRODUCTION 

Ring rot, caused by Phytomonas sepedonica (Spieekermann) Magrou, is 
one of the major potato diseases of the United States and Canada. It was 
reported from Canada by Baribeau® in 1931 as prevalent in potato fields of 
the Province of Quebec. Ring rot was discovered in the United States in 
1932 in a field of potatoes in Aroostook County, Maine® in which State it 
has spread rapidly. It has been reported present in 37 States, and the 
resultant losses in some instances have been heavy.'^ 

The planting of disease-free seed potatoes and the use of sanitary meth- 
ods to avoid contamination are now generally recommended for the control 
of ring rot. The results of attempts to follow these recommendations have 
been discouraging to many growers. It has been difficult to secure seed 
stocks that are entirely free from ring rot. A trace of disease in the seed 
often has been responsible for very rapid spread within a stock. Even when 
seemingly adequate precautions have been taken to prevent contamination, 
it has been difficult to control such spread within stocks of the commercial 
varieties in Aroostook County. Slightly infected seed potatoes are a real 
menace wherever susceptible varieties are grown. 

The ring-rot problem could be solved, to some extent at least, by finding 
or breeding resistant or immune varieties. Work on this phase of the 
problem is under way, and some of the results thus far obtained are reported 
in this paper. 

MATERIALS AND METHODS 

As a preliminary study in breeding for resistance to ring rot, as many as 
possible of the existing potato varieties were tested. Fifty-four named 
domestic and foreign varieties and many unnamed seedling varieties, both 
American and foreign, were included in the test. In addition, a limited 

1 Associate Plant Pathologist, Maine Agricultural Experiment Station, Orono, Me. 

2 Senior G-enetieist, Bivision of Fruit and Yegetable Crops and Diseases, Bureau of 
Plant Industry, U. S. Horticultural Station, Beltsville, Md. 

3 Collaborator, XT. S. Department of Agriculture, Riverside, Calif. ,* formerly, Horti- 
culturist, Division of Fruit and Yegetable Crops and Diseases^^ Bureau of Plant Industry, 
U. S. Department of Agriculture, ftesque Isle, Me. 

4 Junior Plant Breeder, Division of Fruit and Yegetable Crops and Diseases, Bureau 
of Plant Industry, XJ. 8. Department of Agriculture, Presque Isle, Me. 

sBaribeau, Bernard. Bacterial wilt of potatoes. Can. PI. Dis. Surv. Rept. 11: 
49. 1931. 

6 Bonde, Reiner. A bacterial wilt and soft rot of the potato in Maine. Phyto- 
path. 27: 106-108. 1937. 

7 Leach, J". Gr. Report of the Committee to Coordinate Research on New and Unusual 
Potato Diseases. Amer. Pot. Jour. 17 : 81-88. 1940. 
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niimber of the progenies of 3 crosses were tested to determine the inheritance 
of resistance. 

The use of pure cultures of the ring-rot organism for inoculating potato 
tubers has not given reliable results in studies in Maine. Likewise hypo- 
dermic inoculations have been unsatisfactory. Therefore, a rather crude 
and laborious but eifective method of inoculation was used. Slices of in- 
fected Green Mountain tubers were rubbed on the freshly cut surfaces of 
healthy seed pieces. The inoculated seed pieces were planted immediately 
in the field. The plants were dug after frost had killed the vines, and the 
individual tubers were cut into slices that were observed carefully for 
symptoms of ring rot. 

During the winter of 1939-40 inoculations of 3 to 5 seed pieces of each 
variety were made in the greenhouse. Approximately 10 seed pieces of each 
were tested again in 1940 under field conditions. The varieties that showed 
no infection or only a slight amount as a result of these inoculations were 
tested again in 1941. The experiment in 1941 included 4 plots of each vari- 
ety using 5 inoculated seed pieces for each plot. 

Control inoculations were made with the susceptible Green Mountain 
variety, one lot for every 5 variety plots. Symptoms of ring rot are 
generally quite pronounced in both vines’ and tubers of the Green Mountain. 

RESULTS 

Varietal Reactions to Ring Rot. The data obtained from testing different 
varieties for resistance to ring rot are summarized in table 1. It may be 
noted that most of the 54 named foreign and domestic varieties used in this 
experiment were ring-rot susceptible when inoculated by the described 
methods. Only two of them appeared to be highly resistant. 

Priso, an apparently resistant one, has been inoculated 10 times in sepa- 
rate experiments, and to date no infected tubers have been foilid. Since 
all 20 separate control lots of similarly inoculated Green Mountain seed 
pieces produced the disease in high amounts, the indication is that the Priso 
variety is highly resistant. This variety was obtained from the Wageningen 
Experiment Station through the Netherlands Legation, and is said to be 
resistant to leaf roll also. A British variety, President, is apparently re- 
sistant. It has been tested for the past 3 years, and no symptoms of the 
disease have been observed. Pour selections from the cross President x 
Katahdin, likewise, escaped infection, also one from the cross 41956 x Bar- 
laine. Another, from Earlaine x 43055, showed only 4 per cent ring rot. 

Parent and Progeny Reactions. The data for the reactions to ring rot 
of Green Mountain controls, of parents used in crosses, and 3 progenies are 
given in table 2. 

Green Mountain was used as a control because of its extreme suscepti- 
bility. President, one of the few resistant varieties, has been used quite 
extensively as a female parent, but, so far, has not produced enough viable 
pollen to make it useful as a male parent. Katahdin, a susceptible variety. 
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TABLE 1 . — Reaction to ring rot of American, foreign, and seedling potato varieties. 
Tested in Maine for several years 


Variety 

Seed pieces 
inoculated 

Plants infected 


Nuniber 

Ter cent 

Ackersegen 

30 

77 

American Giant 

20 

75 

Albion 

10 

30 

Arran Cairn 

10 

90 

Arran Consul 

40 

50 

Arran Scout 

10 

90 

Arran Victory 

20 

40 

Bally Boon 

56 

70 

Bevelander 

20 

50 

Burbank 

■20 

75 

Charles Downing 

10 

60 

Chippewa 

20 

90 

Columbia Eusset 

28 

64 

Donard 

20 

40 

Earlaine 

10 

40 

Earlaine No. 2 

19 

95 

Early Blue ...: 

15 

67 

Early Ohio 

35 

49 

Early Eose 

10 

90 

Ekishirazii 

3 

100 

Elava 

10 

40 

Eriso 

50 

0 

Garnet Chile 

2 

100 

Gold Adler 

10 

30 

Golden 

10 

50 

Golden Wonder 

18 

78 

Green Mountain (control) 

100 

90 

Harmony Beauty 

20 

75 

Houma 

20 

75 

Irish Cobbler 

20 

90 

Katahdin 

40 

55 

Kerris Pink 

20 

30 

Mesaba 

28 

68 

Noor deling 

10 

70 

Nor deland 

10 

50 

Norkota 

20 

80 

Parnassia 

30 

70 

Pennigan 

10 

40 

Perfect Peach Blow 

18 

61 

Pontiac 

19 

63 

President 

48 

0 

Prolific (Brown Beauty) 

10 

60 

Eichter^s Jubel 

30 

67 

Eusset Burbank 

15 

87 

Eusset Eural 

20 

85 

Sebago 

20 

55 

Sequoia 

20 

90 

Shamrock 

30 

60 

Spaulding Eose 

25 

80 
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TABLE 1. — (Continued) 


Variety 

Seed pieces 
inoculated 

Plants infected 


Number 

JPer cent 

Triumph (from Maine) 

28 

54 

Triumph Nebraska Strain 1 

20 

30 

Triumph Nebraska Strain 2 

20 

50 

Triumph Nebraska Strain 3 

20 

30 

Triumph Nebraska Strain 4 

20 

40 

Triumph Nebraska Strain 5 

20 

100 

XJp-To-Date 

31 

58 

Warba 

25 

80 

White Gold 

20 

45 

White Eose 

10 

70 

Ten unnamed varieties secured from McGill 



and Smith, Ayr, Scotland 

175 

40-100a 

Six unnamed varieties secured from U. S. S. 



E. Institute of Plant Breeding 

Pive South American varieties from collec- 

105 

50-80a 

tions made by McMillan and Erlanson 

Eight blight-resistant selections from true 
seed sent by K. 0. Muller, Berlin-Dahlem, 

102 

50-90a 

Germany 

Twenty-three blight-resistant unnamed seed- 
ling varieties from Donald Eeddiek, Cor- 

80 

10-60a 

nell University, Ithaca, N. Y. 

Six unnamed selected seedling varieties from 

470 

30-80a 

the cross S. 41956 x Earlaine 

110 

0-60ah 

Two unnamed seedling varieties from cross 



Chippewa X Katahdin 

Pour unnamed seedling varieties from cross 

1 20 

40-70a 

President x Katahdin 

44 

0 

One unnamed seedling variety from cross 



Earlaine xS. 43055 

■ 

25 

4 


a Percentage range for tlie various seedlings in the group, 
b One seedling contracted no disease in 17 inoculated plants. 

has many characteristics that make it a desirable parent. It is highly self- 
fertile, is inamnne from virus A in the field, and produces relatively large 
yields of tubers with good market quality. Seedling variety 336-123 was 
selected from the cross President x Katahdin because of its resistance to late 
blight. It is susceptible to ring rot. Seedling variety 47156 was selected 
because of the good cooking quality and attractiveness of its tubers. It is 
susceptible to ring rot. Seedling variety 3895-13 was selected from a cross 
the seed of which came from K. 0. Muller, Berlin-Dahlem, Germany. It is 
resistant to late blight, but, at present, its reaction to ring rot is not known. 
Earlaine, another susceptible variety, is early and produces viable pollen 
under a wide range of environmental conditions. 

Nearly half of the seedling varieties from the resistant x susceptible 
cross President X Katahdin escaped infection. It is improbable that these 
were all chance escapes, since none of the Green Mountain lots were free 
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from the disease, and nearly half of the latter were found in the class show- 
ing 81 to 100 per cent of their tubers infected. It is evident that the Presi- 
dent variety is heterozygous for resistance and that this character was trans- 
mitted to a relatively large percentage of the first generation progeny of 
the cross with the susceptible Katahdin. The data for the other two 
progenies, 336-123x47156 and 3895-13 x Earlaine, indicate that various 
degrees of resistance and susceptibility can be obtained from crosses between 
two susceptible varieties and that some of the segregates of the 336-123 x 
47156 cross are more resistant than either parent. 

DISCUSSION 

Resistance to ring rot has been found in relatively few varieties, but it is 
interesting to note that it has been obtained from rather widely separated 
sources— Priso from the Netherlands, President from the British Empire, 
and a number of unrelated seedling varieties produced in the United States. 

The resistant variety Priso has not yet been used as a parent because 
in both field and greenhouse tests its buds are abscissed and no viable pollen 
is produced. Attempts are being continued to find a set of environmental 
conditions under which it will produce flowers and pollen. President is ap- 
parently resistant, but neither Priso nor President is promising from the 
commercial standpoint. The most promising variety so far obtained is the 
selection from the cross Earlaine x 43055. This variety matures early, is 
resistant to virus A in the field, and produces a fair yield of tubers of 
excellent type in Maine. It is self -fertile and, if it continues to show the 
degree of resistance to ring rot indicated by the tests reported here, it 
should make an exceptional parent. It could be grown to advantage as 
a commercial crop in any section where earliness and resistance to ring rot 
are important factors in potato production. 

Degrees of resistance and susceptibility were evident throughout the 
tests. Por example, Green Mountain and Katahdin were both susceptible, 
but the Green Mountain tubers seemed to be more easily infected than those 
of the Katahdin. If the chi-square test for goodness of fit is applied to the 
data for these two varieties, using the numbers found in the various classes 
of infection instead of the percentages as given in table 2, there is not one 
chance in a hundred that these two varieties reacted alike. If resistant 
segregates can be obtained from crosses of 2 susceptible varieties and if 
nearly 50 per cent of the seedlings of a cross between a resistant and a 
susceptible variety are resistant, it should not be very difficult to produce 
varieties combining resistance with other characters of commercial im- 
portance, 

sumiviary 

Ring rot, caused by Phytomonas sepedonica (Spieckermann) Magrou, 
is a major potato disease and in many instances is causing large losses to 
potato growers. Ring rot has spread rapidly and the presence of even a 
mere trace of the disease is a menace to the successful production of potatoes 
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of susceptible varieties. The availability of resistant or immune varieties 
would help greatly to control ring rot. 

Fifty-four named foreign and American varieties and a number of un- 
named seedling varieties were tested for resistance to ring rot. All but 
two of the named varieties were susceptible. These two were a variety from 
Holland named Friso and the British variety President. 

An unnamed seedling variety from the progeny of a cross S. 41956 x 
Earlaine and another from a cross Earlainex 43055 have been resistant. 
The latter has attractive tubers and other desirable commercial qualities. 

Ninety-two selections from the progeny of a cross between the resistant 
variety President and the susceptible variety Katahdin were tested. Nearly 
half of these selections were resistant, and the others varied in degree of 
susceptibility. A few selections from a cross between 2 susceptible varieties 
were more resistant than either parent. 

Judging from the limited data reported in the paper it should not be 
very difficult to produce varieties combining resistance to ring rot with other 
characters of commercial importance. 





A STUDY OF SPKEADEES FOR USE ON HOPS^ IN THE FIELD 
CONTROL OF DOWNY MILDEW 

G.E.HOEItNEE 
(Accepted for publication January 22, 1942) 

The germinating* zoospores of the hop downy mildew fnngns, (Psetido- 
peronospora humidi (Miy. and Tak.) Wils.) infect all aerial portions of hop 
plants by entering the host tissues, primarily through the stomata, which are 
most numerous on the Under sides of the leaves. 

Early-season infection of the leaves of the rapidly developing shoots 
often progresses upwards from the bases of the vines toward the tips, due, 
in part at least, to wind dissemination of the zoosporangia. Infected leaves 


occurring high up on the vines constitute a greater menace than do those 
nearer the ground. Because of their location they serve, throughout the 
growing season, as important sources of infection of other vital parts of the 
vines. 

USE 01? A SPBEADER DESIEABLE 

In applying liquid sprays for the control of the disease, it is highly de- 

1 Published as Technical Paper No. 395 with the approval of the Director, Oregon 
Agricultural Experiment Station. 
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Pig. 1. Compressed-air laboratory sprayer. 
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sirable that a maximum area of the under sides of the leaves be covered by 
the protectant fungicide employed. 

While some protection is doubtless afforded by fungicidal applications 
to the upper leaf surfaces, which are relatively easy to wet, particular atten- 
tion should be directed toward securing a thorough and uniform coverage of 
the under sides of the leaves, which is not ordinarily accomplished unless a 
spreader is used. 



Pig. 2. Small sprayer used with air compressor. 


The under sides of hop leaves are particularly difficult to wet, owing to 
the presence of numerous hairs and resin glands. 

Numerous materials have been tested for their wetting and spreading 
capacity over a period of several years to determine what materials are most 
effective for the purpose and which are most readily available at minimum 
cost 
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METHODS AND MATERIALS 

The concentrations of all materials were reduced to the lowest points 
necessary to effect satisfactory coverage of the under sides of excised hop 
leaves in the laboratory. For this purpose a manually operated atomizer 
was first employed. Later in the course of the study a more satisfactory 
method of application was devised by employing the equipment shown 
(Fig. 1) . It consists of a small air compressor, equipped with an oil and air 
filter, operated by a ^-hp. electric motor. The air line from the compressor 
leads to a pressure tank equipped with a gauge that can be set at any desired 


TABLE 1 . — Approximate amounts of spreader needed for 100 gallons of water 



Lowest 


Lowest 

Material 

effective 

Material 

effective 


dilution 


dilution 

Dry 

Amount 

{Founds) 

Liquid 

Amount 

{Quarts, 

etc.) 

Grlae, flakes 

2 

Raylig 

6 quarts 

Grlutin flour -baking soda 

2 

Skim milk-lime 

5 

Neomerpin SS 

2 

New Lethane Spreader 

2 

Vatsol OS 

2 

S.-E.C Oil j 

2 

Vatsol OTC 

2 

Tergitol Penetrant No. 08 

1.5 

Waste sulphite, powder 

2 

Areskap (Aresco) 

1 

XXX Spreader 

2 

Ortho (Del Monte) Spreader ... 

1 '' 

Actin Wetting Compound 

1 

Spread-ol (Silmo No. 611) 

1 

Eluxit No. 1 

1 

Lethane Spreader (S51) 

1 pint 

H^^dralene 

1 

Liquid-soap spreader 

1 

Kayso 

1 

Eosin-soap spreader 

1 

Skim-milk powder 

1 

Santomerse 

12 ounces 

Eelbro Whale Oil Soap 

0.5 

Tergitol Penetrant No. 7 

8 

Eluxit No. 2 

0.5 

Grasselli Spreader (SS-3) 

4 

Lethalate 

0.5 

Tergitol Penetrant No. 4 

4 '' 

Swift/s Tar Soap, flakes 

0.5 



Blood albumin-baking soda 

0.25 


■ % . 

Gamboge 

Saponin 

0.25 

0.25 






Casein-lime 

0.125 



Casein-ammonia 

0.0625 




point up to 50 lb. per sq. in. The use of the tank avoids surging of the air 
flowing from the compressor to the sprayer. The small sprayer air line is 
attached to the pressure tank. The sprayer nozzle, regulating the pattern 
of the spray, is adjustable (Fig. 2). Various materials used can thus be 
compared under comparable conditions. 

Spreaders which appeared promising were then applied to the leaves of 
hop plants growing in the greenhouse to observe possible injury, and those 
that seemed safe were finally applied, in certain instances, under field con- 
ditions by means of power sprayers of various mechanical designs at various 
pressures with a variety of nozzles. The age and condition of the vines, the 
equipment and pressures employed, as well as the fungicides to which the 
spreaders were added, all, affected in some degree, the final field formulae. 

The data presented in this paper indicate the comparative effectiveness 
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of the materials listed below when applied alone to the under sides of bop 
leaves in laboratory or greenhouse only. 

In the following table the amounts given under the heading ‘‘Lowest 
effective dilution” represent the approximate amounts of spreader needed 
for one hundred gallons of water. 

The rosin-soap spreaders appeared particularly promising. At least 6 
different formulae, which varied in the amount of rosin, caustic potash or 
soda, fish or corn oil, were compared. The final field formula adopted con- 
sists of a stock solution prepared from: 25 lb. rosin, 6 lb. caustic potash, and 
25 gal. water. A minimum of 1 pint of stock solution is recommended with 
100 gal. of any fungicide employed in the field.^ 

Oregon State College, 

Corvallis, Oregon. 

2 Hoerner, G. R. A Rosin-potash spreader for spraying hops for downy mildew con- 
trol. Ore. Stat. Car. Inf. 236, 2 pp. 1941. 


METHOD OP OBTAINING PURE CULTURES OP CORTICIUM 
STEVBNSII PROM SCLEROTIA 

E. C. Tims and Ekances Bonner 
(Accepted for publication January 21, 1942) 

Coasiderable difficulty often has been encountered in obtaining pure 
cultures of Corticium stevensii (Burt) from sclerotia at Louisiana State 
IJniversity. Other workers^ also have had trouble obtaining pure cultures 
of the thread-blight organism by plating sclerotia from infected twigs. In 
connection with studies of fig leaf blights in Louisiana, attempts were made 
to develop a satisfactory method for obtaining pure cultures from thread- 
blight sclerotia. 

Fig twigs of the current season ^s growth with numerous sclerotia of the 
thread-blight fungus on the surface were collected from several locations 
in southern Louisiana, and infected tu.ng twigs were obtained from groves 
near Bogalusa, Louisiana. The sclerotia were removed from the twigs, 
sterilized or otherwise treated, and plated on water agar. Several treat- 
ment methods were used, including (1) rinsing in sterile water, (2) dipping 
in 95 per cent ethyl alcohol and flaming, (3) immersing in 1-1000 HgCL 
solution in 50 per cent alcohol and rinsing in sterile water, and (4) im- 
mersing in the HgCL-alcohol solution, then dipping in a saturated aqueous 
solution of calcium hypochlorite. The sclerotia were plated at intervals 
from October 1940 through April 1941, and the desired fungus {Corticium 
stevensii) was isolated from each lot. 

The plates were examined after 4 to 7 days incubation at about 24° C. in 
most cases ; some were kept at room temperature. The colonies of Corticium 
stevensii were identifled by microscopic examination. These forms have a 
characteristic type of branching and septation. Eepresentative cultures 
were made from the different lots of sclerotia and compared with known 
cultures of C. stevensii. 

During the course of the experiments more than 1500 sclerotia were 
plated, most of them from flg, but several hundred were from tung twigs. 
The percentages of sclerotia from which Corticium grew varied from about 
35 to 94, but the numbers of sclerotia free of contamination were much 
lower. Some of the sclerotia had various faster growing fungi developing 
from them, which made it impossible to transfer the slower growing C. 
stevensii 

The results varied considerably with the different lots, of sclerotia plated. 
One typical test is given here to indicate the results obtained. Sclerotia 
from tung and fig branches were subjected to 3 types of treatment. Each 
lot consisted of 50 sclerotia. Some lots were treated with the HgCL-alcohol 
solution for 2 minutes and rinsed in sterile water ; others were dipped in 
the calcium hypochlorite solution after receiving the HgCL-alcohol treat- 

1 Wolf, F. A., and W. J. Bach. The thread blight disease caused by Corticium 
Tcoleroga (Cooke) John, on citrus and pomaceous fruits. Phytopath. 17: 689-709, 1927. 

' , 824 , 
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ment. Two lots of sclerotia were dipped in alcohol and then darned. All 
lots were plated on water agar after being treated. The results obtained 
after 6 days’ incubation at about 25^ C. are given in table 1. Relatively 

TABLE 1. — Results oMained from plating thread-Might sclerotia from tung and fig 
hranches after various treatments 


Host 

Locality 

Number of 
i sclerotia 
plated 

Treatment 

Number giv- 
ing growth 
of Corticium 
stevensii 

Number from which 
C. stevensii could 
be obtained in 
pure culture 

Tung 

Bogalusa 

50 

a 

22 

7d 

Tung 

Bogalusa 

50 

c 

22 

2d 

Fig 

Union 

50 

a 

46 

40 

Fig 

Union 

50 

c 

38 

35 

Fig 

Union 

50 

a 

41 

24 

Fig 

Union 

50 

a 

43 

22 

Fig 

Union 

50 

a 

33 

19 

Fig 

Union 

50 

b 

35 

31 


a = HgCla-SO per cent alcohol, 2 minutes, 
b = HgCL-SO per cent alcohol, CaOCL. 
c = Flamed in alcohol. 

d = Much larger numbers of C. stevensii were obtained from later platings of sclerotia 
from tung. 

large numbers of Corticium stevensii were obtained from most lots of 
sclerotia, the smallest numbers being found on those from tung twigs. The 
numbers of this slow-growing form that could be transferred varied from 
2 to 40, but most of the lots had comparatively large numbers of colonies 
from which C. stevensii was successfully transferred. 

This brief summary of studies carried on over a period of one year shows 
that pure cultures of Corticium stevensii can easily be obtained from scle- 
rotia not more than 1 year old if they are soaked in a mixture of HgCl 2 
1-1000 in 50 per cent ethyl alcohol for 2 minutes, washed in sterile water, 
and plated on water agar. Other treatments also gave some good results. 
Louisiana State University, 

University, La. 


EEPOET OP THE TWENTY-SIXTH ANNUAL MEETING OP THE 
PACIPIC DIVISION OP THE AMEEICAL PHYTO- 
PATHOLOGICAL SOCIETY 

The 26th annual meeting of the Pacific Division of The American Phytopathological 
Society was held at the University of Utah, Salt Lake City, June 17-19, 1942, in conjunc- 
tion with the annual meeting of the Pacific Division of the American Association for the 
Advancement of Science. Members were present from Arizona, California, Idaho, Utah 
Wyoming, Washington, D. C., and Brazil. Twenty-two members attended the scientific 
sessions, 17 the dinner meeting, and 10 the field trip. 

Sixteen volunteered papers were presented at 3 half-day sessions. At one half-day 
symposium on Breeding for resistance to plant diseases, under the chairmanship 
of H. Loran Blood, and in cooperation with the Western Section of the American Society 
for Horticultural Science, 8 invitation papers were presented. 

Officers of the society for the ensuing year are as follows: President, L. D. Leach, 
University of California, Davis; Vice-President, B. L. Richards, Utah Agricultural Col- 
lege, Logan; Secretary-Treasurer, C. E. Yarwood, University of California, Berkeley; 
and Councilor, Glenn A. Huber, Western Washington Experiment Station, Puyallup. 

The next annual meeting is scheduled to convene in Corvallis, Oregon, in June, 1943. 

Titles and abstracts of papers presented at the meeting follow. 

C. E, Yaewood, 
Secretary-Treasurer. 

Control of Crown Gall of Peach in the Nursery. Ark, P. A. Experimental data 
obtained in 1941 indicate that when peach pits are dusted with a slightly water-soluble 
chemical mixed with an inert insoluble material, such as Celite 500, there is a marked 
decrease in incidence of crown gall on the resulting peach stock. The following chemi- 
cals mixed at the rate of 15 g. per 450 g. of Celite 500 and applied to the thoroughly 
washed peach pits were not effective in preventing crown gall : calomel, copper carbonate, 
copper stearate, and thymol, showing 85.3, 94.3, 98.2, and 100 per cent disease, against 
99.1 per cent in the cheek and 96.2 in Celite 500 dust. In contrast, Ceresan, mercuric 
cyanide, and mercuric iodide dusts showed only 3.8, 13.9, and 4.3 per cent disease. 
Acidification of the soil with agricultural sulphur, reducing the original pH of 7-8.5 to 
pH 5-5.5, caused a decrease in the amount of crown gall from 20 to 30 per cent. An ap- 
plication of 2000 lb. of sulphur per acre caused yellowing and stunting of the plants, 
while applications of 500 and 1000 lb. showed no injurious effects upon the peach stock. 

Poot Scab of Carrot Caused by Phytomonas carotae. Ark, P. A. and A W. Gard- 
ner. A scab of carrot roots, serious in California, and probably identical with one de- 
scribed by Ramsey and Wiant in 1941, results from direct root infection by Phytomonas 
carotae, cause of the bacterial blight of the leaves and umbels, described by Kendrick 
in 1934. Root infection abounds in irrigated fields cropped repeatedly to carrots. Very 
young lesions are small, rather inconspicuous, brown or maroon spots, often numerous. 
Early infection may result in sharply sunken constrictions of the root or large, rough, 
sunken cankers. Later infection results in laterally elongated, brown or black, rough, 
scabby lesions, often protruding because of the tremendous masses of the bacteria that 
ooze out and embed particles of soil. Particularly objectionable are the occasional fairly 
normal-appearing roots with healed-over internal pockets of blackened, infected tissue. 
Secondary fungi may invade infected roots. The bacteria may persist in the soil in the 
field as long as 6 months. Diseased roots culled out at harvest should not be left in 
the field. To prevent the introduction of the pathogen into noninfested soil, the seed 
may be treated for 10 minutes in a water bath at 50-52° C. 

Longevity of Curly -top Virus in Dried Tissue of Sugar Beet. Bennett, C. W. 
In July, 1934, small sugar-beet plants affected by curly top were dried at room tempera- 
ture, divided into 4 lots, and each lot stored in a separate container under laboratory 
conditions. Lot 1 was exposed to the humidity of laboratory air throughout the test 
period. Lot 2 was placed over calcium chloride in an air-tight container. Lot 3 was 
placed over calcium chloride in an air-tight container and the air was replaced by hydrogen 
for the first year; during the remaining period of test, air was admitted. Lot 4 was 
stored in an air-tight container and the air was replaced by hydrogen for the first year ; 
during the remaining period of test, air was admitted. Teks of active virus content 
were made at the beginning of the experiment and annually thereafter, except in 1940, 
for 8 years. Twenty seedling beets were inoculated from each lot in each test. The 
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plants infected in tests of successive years of test from each, lot were as follows : Lot 1 ; 3, 
3, 11, 0, 0, 0, 0, 0. Lot 2; 2, 2, 8, 3, 7, 0, 2, 0. Lot 3; 5, 1, 18, 1, 2, 2, 3, 2. Lot 4; 3, 
0, 12, 0, 0, 0, 0, 0. These results show that when the virus is kept in a thoroughly dry 
condition it remains active for a period of at least 8 years. 

Statistical Studies of Distribution of Psorosis Cases in Citrus Orchards, Bitan- 
couRT, A. A. and H. S. Fawcett. The majority of the cases of psorosis are apparently 
due to the utilization of buds from diseased parent trees and the different operations 
from the collection of bud sticks to the final planting in the orchard usually afford ample 
opportunities for a thorough randomization. However the comparison of the mean 
number of cases of psorosis in the 4 trees adjacent to diseased trees and adjacent to 
healthy trees has shown highly significant differences in 7 orchards, a significant dif- 
ference in 1 and no significance in 3 orchards. In those 11 cases there were more dis- 
eased trees adjacent to diseased trees than to healthy ones. In an orchard showing very 
low percentage of psorosis, a nonsignificant difference was found in favor of the healthy 
trees. The same analysis made independently for the 2 adjacent trees along rows and 
the 2 adjacent ones along arrays has shown significant differences in both directions in 5 
orchards, along rows only in 1 and along arrays only in 2. Systematic arrangement of 
diseased trees along rows or arrays at the time of planting is, therefore, indicated in the 
last 3 eases, while transmission from diseased to healthy trees is the most probable 
explanation for the 5 others. 

Coryneum Blight of Stone Bruits. Blodgett, Earle C. Although present for 
many years and generally serious in northern Idaho, Coryneum blight of stone fruits 
has increased. in^-^^cent years and become serious in the drier (southern) part of the State. 
TJ^ja^teetse, usually confined to peach and apricot has occurred in extreme severity in 
commercial sweet and sour cherry orchards, and in smaller plantings of Italian and 
Agen (French prune). Inoculation studies using conidia of Coryneum beijerincMi from 
peach apricot, pin cherry [Prunus emarginata (Dough) Walp.] Cherry, Italian prune, 
and almond produced abundant leaf spots and twig lesions on potted trees in the green- 
house of Slappey Peach, Moorpark Apricot, Bing and Montmorency Cherry, Italian 
prune, Ne Plus Ultra Almond, and on Stanwick Nectarin (in the case of isolates from 
pin cherry, prune and almond) . Some lesions appeared within 48 hours after inoculation. 
The tests showed that under the conditions encountered, the largest average number of 
^ots per leaf, about 245, occurred with the isolates from peach and Royal Ann Cherry 
onN^ng Cherry. The isolate from pin cherry produced the most severe spotting, 162, 
on ;^unes. Apparently Coryneum beijerincMi isolated from various hosts is patho- 
genic on the commonly cultivated stone fruits. 

Bffect of Temperature on the Bpidemiology of Sugar-beet Downy Mildew. Cars- 
NER, Etjbakks, Charles Price, and G-lehn B. Gillespie. Downy mildew often develops 
extensively on sugar beets grown for sugar in the coastal areas of California and on 
sugar beets grown for seed in the Willamette Valley of Oregon and along Puget Sound 
in Washington. Temperature appears to be the most important factor influencing the 
epidemiology. Germination of the spores and infection will occur at relatively low tem- 
peratures. Sporulation requires slightly higher temperatures. All development of the 
fungus stops at about 70° F. and infected plants that have not been too severely in- 
jured begin to recover. 

Shoch Effect of Certain Viruses of the Mosaic Group on Peach. Cochran, L. C. 
Observations and surveys in mosaic-affected peach orchards have substantiated the sug- 
gestions of growers and inspectors that severely retarded trees are initial cases of the 
disease. Less severely affected trees of tolerant varieties often show symptoms only 
during the initial year of the disease. Transmission annually for 3 years from indi- 
vidual severely and mildly affected orchard trees has shown symptoms to be much more 
acute in the respective test trees the first year after inoculation. Subsequent transmis- 
sion from such test trees, after partial recovery, gave acute symptoms approximating 
those of the first year of infection in the first set. The ring-spot virus of stone fruits 
produces acute symptoms the initial year of the disease in peach but ofily rarely shows 
any symptoms the second year, in which cases the tree was not universally invaded the 
first year. Subsequent inoculations from s;pip tomless carrier trees result in acute symp- 
toms. In other hosts where the ring-spot virus causes symptoms annually, symptoms are 
more intense during the first year of the disease. Similar results have been obtained 
with two undeseribed viruses causing mottling on peach. This phenomenon is regarded 
as shock effect correlated with the first stage of the disease. 

Limitations in the Control of the Virus Diseases of Peach Through Plant Breeding. 
Cochran, L. C. Prior to 1931 all viruses known to infect peach affected all horticul- 
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tural varieties similarly, moreover, some infected other stone fruits that could he hy- 
bridized with peach. This afforded no starting point for the plant breeder and left no 
alternate to control through infected tree removal. Soon after the discovery of the 
peach-mosaic disease it was noted that certain peach varieties could be affected with 
little damage. While this appeared encouraging, it was soon found that such varieties 
were reservoirs from which the severe form of the virus could spread. Work with vig- 
orous sport-like shoots on severely mosaic-affected trees and with immunizing trees with 
a mild form of the virus has shown promise; but both host and virus stability need 
further investigation. The occurrence of virus strains and variance in symptom in- 
tensity within the mosaic complex has further complicated the problem. The production 
of a desirable immune variety is remote, and would involve a long-time, intensive breed- 
ing program. Numerous recently discovered peach viruses have appeared in the litera- 
ture. Some of these, as the X disease, appear to infect and damage all peach varieties 
similarly, and some are too cosmopolitan in host range to offer much hope to plant 
breeders. 

Breeding Beans for Besistance to Powdery Mildew and Bust. . Dundas, B. By test- 
ing detached leaflets in Petri dishes the reaction of individual plants of segregating pop- 
ulations to the various forms of mildew and rust can be determined. It is thus possible 
to determine the number of relationships of the genetic factors giving resistance to these 
several forms. Pinto, other field beans, and some garden varieties carry a main domi- 
nant factor for resistance to 12 of the 14 forms of mildew isolated. This factor is being 
incorporated into new garden beans now under development. There is also a dominant 
factor for semi-resistance, and one causing susceptibility during 5-7 days after emer- 
gence, A number of factors for resistance to rust have been found in various garden 
beans. The proper combination of certain of these factors should give resistance to all 
20 known forms of rust. A combination of the factors for resistance in Golden Gate 
Wax and Brown Kentucky Wonder 928 has been used in breeding for resistance to 4 
forms of rust. Eecently several new varieties have been released that are resistant to 
some forms of rust. Other promising lines carrying resistance to more forms of rust, 
mildew, and bean virus No. 1 should be forthcoming. 

Perithecia of Bean Powdery Mildew. Dundas, B. In the fall of 1941, immature 
peritheeia were independently found by Middleton and Yarwood on Lima beans infected 
with powdery mildew, in Southern California. The writer subsequently established the 
fact that conidia from the leaves containing perithecia always produced infection of 
form 1, the form most commonly found on Lima beans. Assuming these perithecia are 
from the same mildew which produced the conidia, the appendages showed them to belong 
to the genus Miorosphaera and not to Brysiphe, as has been previously supposed. 

Wood Alteration in Psorosis of Citrus in Belation to Tree Decline. Pawcett, H. S., 
A. A. Bitancourt, and J. M. Wallace. In psorosis A and B, (1) the primary lesions 
in the wood consist of gum in and between part of the vessels, (2) secondary lesions in 
the wood result in irregular discoloration and necrosis.* The latter* usually develop 
after the branch or trunk is girdled by the primary lesions of thrf bark and wood. 
Suction experiments in drawing water or aqueous stains (as 0.5 per cent acid fuchsin or 
sufranin) through the wood indicates that the presence of the primary lesion has little 
effect on water passage, but that the secondary lesions, as well as a region contiguous to 
the visibly affected part are impervious to water passage. These regions are coextensive 
with those in which the I-KI test shows absence of starch. Experiments in drawing air 
through wood of branches showed that larger amounts of air passed through bark with 
psorosis lesions than through normal bark and that in normal bark air passed slowly 
only through the lenticels. The lack of water passage caused by formation of the sec- 
ondary wood lesions appears to be the principal factor in tree decline. The alterations 
and discoloration of the central wood layers probably are explained by their starvation 
due to blocking the passage of food inward by gum in the primary wood lesions nearer 
the surface. 

Progress in Breeding Sugar Beets for Curly-top Besistance. Owen, P, V., Albert 
M. Murphy and Bion Tolman. Ourly-top -resistant varieties of sugar beet have now 
definitely revived the sugar-beet industry in the Western States. In many tests high 
yields have been obtained with the resistant varieties where the susceptible European 
varieties failed completely. U. S. No. 1, grown commercially on a limited scale in 1934 
and extensively in 1935, was the first curly-top-resistant variety released by the United 
States Department of Agriculture. Varieties U. S. 34, U. S. 33, and U. S". 12 soon re- 
placed U. S. 1, but of these the high sugar-producing variety U. S. 33 is the only one 
that will be continued in commercial use. U. S. 22, a new variety with a higher degree 
of curly-top resistance, is now available to commercial growers. If given good cul- 
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tural care, the U. S. 22 beets make good growth in spite of euiiy-top infection j but, if 
neglected and allowed to suffer for irrigation water, some curly-top damage may result. 
The advantage of having still higher curly-top resistance is obvious, and new improved 
selections. are being propagated as rapidly as possible. The variety IJ. S. 1 and all other 
curly-top -resistant varieties so far produced have been highly self -sterile, a feature that 
has made mass selection the principal means of improvement. However, many curly -top- 
resistant self -fertile lines are now available to facilitate inbreeding work. 

The Big Vein Disease of Lettuce in delation to Soil Moisture. Pryor, Dean E. An 
investigation of soil moisture in relation to the big- vein disease of lettuce was made on 
two different infective soils, one from near Salinas, California, and the other from the 
Imperial Valley, California. The number of big-vein plants appearing on highly infec- 
tive soil increased with the increasing moisture. A considerable number of diseased 
plants was present, even at moisture levels below the optimum for growth of lettuce, 
and a few plants had big vein when supplied with only enough water to keep them 
alive. The greatest disease incidence occurred in the treatments producing the largest 
plants. Plant weight increased with each increment of moisture used. The more vig- 
orously growing individuals in each series seemed to be most readily affected with big 
vein, but the earlier a plant showed the disease the smaller was its ffnal weight. In the 
Salinas soil, diseased plants seemed to be larger than healthy plants in the same pot, 
while the reverse was true in Imperial Valley soil. The difference was attributed to a 
longer growing period for plants in the Imperial Valley soil. 

Morphological Similarity in Culture Between Torulopsis pulcherrim-a and Taphrina 
deformans. Roberts, Oatherine. Three- to five-month-old cultures of Torulopsis 
pulcherrima and Taphrina deformans on potato dextrose and vegetable (beet-cucumber- 
carrot-potato) agar exhibited decided similarities in cellular morphology. In 2 out of 4 
isolates of Torulopsis pulcherrima globose, thick-walled cells containing single fat glob- 
ules and with attached remnants of cell walls were observed. Other cells possessed single 
bud-like protrusions containing 1 to 2 spore's, thus partially confirming observations on 
sporulation made by Windisch in 1940, who interpreted the globose cell as an ascus mother 
cell, the protrusion as an ascus, and the attached wall remnant as the remains of an ascus 
following ascospore discharge. In Taphrina deformans similar globose, thick-walled 
cells containing one to many fat globules were observed, together with attached wall 
remnants. Bud-like protrusions also were present, some of which contained 1 to 3 ellip- 
soidal bodies believed to be ascospores, although their discharge and germination have 
not been observed. These observations, together with the similarity evident in macro- 
scopic cultural behavior, including dissociation into pigmented and non-pigmented areas, 
suggest that Taphrina deformans and Torulopsis pulcherrima^ at least those isolates' 
studied, are more closely related than is indicated by their positions in the present 
systems of fungus classification. 

Attempts at Mass Infection of California Citrus Bed Scale with Bacteria. Soko- 
LOFF, V. P. and L. J. Klotz. Approximately 5 x IO12 spores of the red scale bacillus 
(Phytopath. 32: 187-198) were sprayed and dusted over lemon trees in 2 field trials 
conducted in September and December, 1941. A demonstrable increase in mortality of 
the scale was noted on leaves, green bark, and fruits of the sprayed-dusted trees. 
Density of the red scale population decreased significantly on the infected trees, parallel 
with the decreased percentage survival. In the December experiment a premature mor- 
tality developed among the scale throughout the 2-aere grove, on the 60th-70th day, 
whereupon differences between the controls and the infected trees had disappeared. The 
microorganism used in the experiment and some other species of the genus Bacillus could 
be isolated invariably from the prematurely dead adults and gray adults in sections of 
the orchard far removed from the site of the experiments. Among other organisms 
associated with the premature death of the scale, there were some common, apparently 
non-pathogenic fungi and a species of Actinomyces. 

The Bfects of Some Natural Gases Upon Plants. Solhbim, W. G. and Ralph W. 
Ames. The effects of a natural gas from the Billy Creek field, source of the gas used 
in Sheridan, Wyoming, and one from the gas mains of Laramie, Wyo., were studied. 
(The gas from the Billy Creek field was supplied through the courtesy of the Northwest 
States Utilities Company of Sheridan, Wyo.) The composition of the Sheridan gas, 
according to an analysis made by the U. S. Bureau of Mines, is as follows : carbon dioxide 
0.2 per centj oxygen 0.2 per cent; methane 97.5 per cent; ethane 0.0 per cent and nitro- 
gen 2.1 per cent. According to an analysis made by the Kansas City Testing Laboratory 
of Kansas City, Missouri, the Laramie gas has the following composition: methane 71.5 
per cent; ethane 22.3 per cent; carbon dioxide 0*.0 per cent; oxygen 0.2 per cent; olefines 
0.0 per cent and nitrogen 6.0 per cent. Tomato, potato, sunflower, castor bean, and 
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geranium plants were in no way affected by concentrations of 4, 6, 12, 24, and 50 per cent 
for 24-, 48-, 72-, 96-, and 120-hour treatments. Cut carnations did not exhibit any 
symptoms of injury when treated with 1 aiid 2 per cent concentrations for 24, 48, 72 
and 96 hours. When Fuchsia plants were e^^osed to gas concentrations of 4, 12, 24, and 
50 per cent for 24, 48, 72, and 96 hours a slight browning and wilting of the petals was 
noted. The tests reported above were made in 1940. In 1941 further tests were made 
on tomatoes with gas from the Billy Creek field. These tests confirmed the original ones 
— no effects being observed from the gas. 

Investigation of Storage Diseases of Carrots, Virgin, W. J. A considerable amount 
of carrot seed is produced in Idaho each year. The climatic conditions are such that 
it is necessary to store the roots through th winter and set them out in the spring, rather 
than leave them out in the field all winter. The grower either stores them in a pit or a 
potato cellar. Each year there is considerable loss in storage due to the organisms 
Botrytis cinerea and Alternaria radicina. At near-freezing temperature growth of these 
organisms is almost stopped. Consequently, the best storage is the one in which the tem- 
perature remains near freezing. It was found that pit storage was superior to cellar 
storage, since the temperature could be maintained near 0° C. and it did not fluctuate 
so much as did the cellar temperature. At temperatures above 5° C. carrot roots in storage 
soon produced new leaf growth. These new leaves were very susceptible to infection by 
B. cinerea, and, from the leaves, the organism soon invaded the crown and completely 
destroyed it, rendering the carrot useless for seed production. The other important 
point of entry for B. cinerea was the fine tip end of the tap root. 

Function of Lime and Dost Leaves in the Fungicidal Action of Bordeaux Mixture. 
Yarwood, C. E. To give 95 per cent inhibition of germination of bean-rust urediospores 
on glass surfaces required a dried deposit of 3.2 mg. per sq. dm. of bluestone or 450 mg. 
of equal lime-Bordeaux mixture. To give 95 per cent reduction in number of uredial 
pustules of bean rust (=95 per cent control) in greenhouse tests under conditions of 
heavy artificial inoculations required 4.5 mg. bluestone but only 0.44 mg. Bordeaux mix- 
ture per sq. dm. of lower leaf surface. Therefore, to give equivalent control, 1000 times 
as much Bordeaux was required on glass as on leaves, more bluestone wns required on 
leaves than on glass, bluestone was more toxic than Bordeaux on glass. Bordeaux, how- 
ever, was far more fungicidal than Bluestone, on leaves. The copper in bluestone spray 
was rapidly absorbed by bean leaves with consequent reduction in control, but the copper 
in Bordeaux was absorbed to a much smaller extent. These results indicate important 
unreported functions of lime in Bordeaux mixture; but the above principles have not as 
yet been confirmed with cucumber downy mildew. 

Fungicide Treatment of String Supports for Control of Bop Downy Mildew. Yar- 
woon, C. E. In California the principal damage from hop downy mildew is due to in- 
fection of the nodes and growing points of the trained vines. This infection usually 
occurs during rainy periods. Because the terminal growing points and nodes are close 
to the strings on which the vine is trained, and since Magie has shown (Phytopath. 30: 
16, 1940) that the drip from Bordeaux-sprayed hops protected non-sp rayed growth, it 
was thought that if the strings were impregnated with a suitable fungicide, enough of 
the fungicide might be scattered by splashing and dripping rain to kill the spores at the 
nodes and growing points. String treatments with various copper, sulphur, and organic 
materials were tested in 6 hop yards in 1942. The natural drip during rain from cotton 
strings treated with low lime-Bordeaux (7.5 per cent bluestone plus 2.5 per cent lime) 
when diluted to 1/20 its field strength prevented germination of the sporangia, of Fseudo- 
peronospora humuli in watch glasses. Vines growing on strings treated with the low lime- 
Bordeaux had 80 per cent fewer leaf infections, 50 per cent fewer nodal infections, and 
78 per cent fewer infected basal shoots than vines on untreated strings in one hop yard. 



THE WAR EMERGENCY COMMITTEE 
of 

THE AMERICAN PHYTOPATHOLOGICAL SOCIETY 

The purpose of the War Emergency Committee is to provide for coordinateci effort 
in research, experimentation, and extension work designed to control destructive diseases 
of plants. To accomplish this aim thei’e is a general committee, comprising a number of 
members at large and the chairmen of regional groups that perform the same function in 
certain natural geographical divisions as the general committee does for the country as 
a whole. 

Past experience indicates very clearly that it is imperative in war time to main- 
tain an efficient plant quarantine service. New diseases and pests are very likely to be 
introduced and distributed because of the exchange of plant propagative materials be- 
tween certain countries and within the United States. The expansion of acreage of cer- 
tain crops and the consequent interchange of seed and other propagative parts of plants 
intensify the problem. Indeed, some new diseases already have made their appearance 
during this war. Furthermore, there is always the likelihood that the increase in pre- 
valence of new parasitic strains of pathogens already present may develop on hitherto 
resistant varieties of crop plants j consequently it is of the utmost importance to maintain 
adequate plant disease survey services in order to provide for the early detection, 
extermination, and control of new diseases or of unusually virulent strains of old disease 
organisms. 

Two of the best methods for preventing the indiscriminate distribution of plant 
pathogens are seed certification and seed treatment. For this reason, provision has been 
made in the organization of subcommittees for cooperative effiort in improving seed certi- 
fication and for obtaining new information and disseminating old information regarding 
fungicides used to treat seeds and other propagative parts of plants. 

Because of priorities there is a shortage of certain commonly used fungicides, and 
the need therefore develops for substitute fungicides. A subcommittee is working hard 
and effectively on this problem and, in cooperation with fungicide manufacturers and 
with governmental agencies, is attempting to develop substitute fungicides and to de- 
termine the most economical ways of using those now available. 

It is of course of the utmost importance to provide for the proper dissemination of 
essential information regarding plant diseases, and a subcommittee on extension activities 
is therefore attempting to codify important control measures and to assist in obtaining 
provision for proper dissemination of the information. 

During World War I, a War Emergency Board of American Plant Pathologists under 
the chairmanship of Professor H. H. Whetzel made significant contributions to insuring 
the nation’s food supply through the control of plant diseases. The situation with respect 
to foodstuffs has not yet become acute in this war, but the situation with respect to some 
essential plant materials already is acute, and the control of i^lant diseases and insect pests 
is therefore of paramount importance. The American Phytopathological Society, through 
its War Emergency Committee, is again attempting to pool the services of plant patholo- 
gists insofar as possible, in order to alleviate present situations with respect to plant 
diseases and to safeguard the future. The membership at a summer meeting in Toledo, 
June 25 and 26, discussed war problems extensively and attempted to provide insofar as 
possible for the solution of immediately pressing problems. It was the consensus of 
opinion that basic research designed to elucidate principles on which control measures 
must be based is even more important in war time than in peace time, in order to avoid 
mistakes in the present and to lay a solid foundation for future procedures. 

The personnel of the Committee and its Subcommittees follows: 


WAR EMERGENCY COMMITTEE 

EXECUTIVE COMMITTEE 

J. G. Leach, University of West Yirginia, Morgantown, W. Ya. 

Richard P. White, 636 Southern Building, Wasliington, D. C. 

E. C. Stakman, University Farm, St. Paul, Minn., Chairman 

REPRESENTATIVES OP GEOGRAPHICAL DIVISIONS AND GROUPS 
Northeast * 

J. G. Horsfall, Agricultural Experiment Station, New Haven, Conn. 
Middle Atlantic 

R. S. Kirby, State College, Pa. 
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Upper Mississippi 

I. E. MelhuSj State College, Ames, Iowa 
South 

George A. Armstrong, Agricultural College, Clemson, S. C. 

Pacific Coast 

Max Gardner, University of California, Berkeley, Calif. 

Canada 

E. J. Greaney, President of Canadian Pliytopathological Society, Dominion Lab- 
oratory of Plant Pathology, Winnipeg, Canada. 

MEMBERS AT LARGE 

Lee M. Hutchins, President of The American Pliytopathological Society, Bureau of 
Plant Industry, U. S. Department of Agriculture, Washington, D. C. 

C. C. Allison, Secretary of The American Phytopathological Society, Botany Depart- 
ment, University of Ohio, Columbus, Ohio. 

H. P. Barss, Office of Experiment Stations, U. S. Department of Agriculture, Wash- 
ington, D. C. 

P. J. Haskell, Extension Service, U. S. Department of Agriculture, Washington, D. C. 
Walter A. MeCubbin, Division of Foreign Plant Quarantines, Bureau of Entomology 
and Plant Quarantine, Washington, D. C. 

SUBCOMMITTEES 

PLANT QUARANTINES 

W. F. Buehholtz, State College, Brookings, S. Dak. 

F. L. Drayton, 333 Fairmont Avenue, Ottawa, Canada 
Bichard P. White, Chairman 

l^LANT DISEASE SURVEY 

C. E. F. Guterman, Cornell University, Ithaca, N. Y. 

William H. Martin, Agricultural Experiment Station, New Brunswick, N. J. 

C. E. Orton, University of West Virginia, Morgantown, W. Ya. 

Eichard P. White 
J. G. Leach, Chairman 

EXTENSION 

S. B. Fenne, Virginia Polytechnic Institute, Blacksburg, Va. 

E. J. Haskell 

0. D. Burke, State College, Pa., Chairman 
SEED CERTIFICATION 

E. H. Porter, State College, Ames, Iowa 

A. G. Tolaas, University Farm, St. Paul, Minn. 

J. C. Walker, University of Wisconsin, Madison, Wis., Chairman ^ 

FUNGICIDES 

Lee S. Hitchner, Executive Secretary, Agricultural Insecticides and Fungicide Asso- 
ciation, 285 Madison Ave., New York, N. Y. 

J. G. Leach 

S. E. A. McCallan, Boyce Thompson Institute, Yonkers, N. Y. 

M. B. Moore, University Farm, St. Paul, Minn. 

J. G. Horsfall, Chairman 







JOSEPH CHAELES ARTHUE 
1850-1942 

R A N K D . K E E N 

111 the death of Joseph Charles Arthur at Brook, Indiana, April 30, 1942, 
we have lost an eminent botanist, a pioneer plant pathologist, and one of the 
foremost students of plant rusts in the world. 

Joseph Charles Arthur was born at Lowville, New York, January 11, 
1850, the son of Charles and Ann (Allen) Arthur. His earliest paternal 
American ancestor was his great-great-grandfather who came from England 
about 1745 and settled in Groton, Connecticut. The first American-born 
ancestor was Eichard Arthur, whose wife, Hannah Bradford, was a great- 
grand-daughter of Governor William Bradford, one of the Mayflower pil- 
grims. One of the sons of this marriage was Joseph Arthur, grandfather 
of Joseph Charles Arthur. After the death of her husband Mrs. Eichard 
Arthur moved from Connecticut to northern New York. This was the 
family abode for a considerable time. However, Charles Arthur, father of 
Joseph Charles, went westward when his son was about six years old and 
settled near Sterling, Illinois, but soon pushed on into Iowa. The family 
home was at Charles City, Iowa, for a number of years, and then at Spirit 
Lake. At Charles City they lived for a time in town and later on a farm. 

Joseph Charles received his preliminary education in the country schools 
of Floyd County and in the high school of Charles City. The boy was 
christened Charles Joseph, but, since his father’s name was Charles, he was 
called Joseph, at home. In school he was registered as C. Joseph Arthur. 
When the teacher called the roll the other youngsters often turned about in 
their seats to ^ ‘see” Joseph Arthur. This was so annoying to the sensitive 
boy that he changed the order of his name to Joseph Charles and retained 
that form ever afterwards. 

From Floyd County he went as a student to the newly established Iowa 
State College at Ames. Here, in 1872, he was graduated first on the list 
(alphabetically) of the first graduating class, with the degree of Bachelor 
of Science. In 1877 he earned there the degree of Master of Science. In 
1886 he was the recipient of the first degree of Doctor of Science conferred 
by Cornell University in the field of plant pathology and mycology. His 
honorary degrees include the Doctor of Laws, University of Iowa, 1916; 
Doctor of Science from his alma mater in 1920; and Doctor of Science, 
Purdue University, 1931. He was a graduate student at Johns Hopkins 
and at Harvard in 1879 and at Bonn in 1896. 

The ambition to be a botanist appeared very early in the life of Joseph 
Charles Arthur. He had it as a boy before he went to college. The devel-. 
opment of this ambition and the persistence with which he clung to it make 
a most interesting story. How eminently well he succeeded has long been 
recognized in scientific circles everywhere. The early difficulties are worthy 
■ ■ . ■ 833 / : , ' ' 
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of recounting because they illustrate the possibilities of accomplishment 
when a goal is set and persistently sought, in season and out, regardless of 
obstacles or discouragements. The subject of our sketch early showed two 
outstanding characteristics — ^he was a nonconformist to many rules and cus- 
toms and he had a burning desire to get into botanical work. The first got 
him into some tight places in college. There were two college regulations 
with which he came into conflict — -the one was that all students had to do 
manual labor on the college farm and the other was that all had to partici- 
pate in military drill. He tried to circumvent both and succeeded fairly 
well. Assisting one of the professors in the laboratory got him out of the 
farm work and taking some broadsword exercises sufficed for the military 
drill. The combination of his disregard for regulations and his love for 
botany operated together to get him into a difficulty that nearly prevented 
his graduation. In 1872 the American Association for the* Advancement of 
Science met at Dubuque, Iowa. The great botanist, Asa Gray, was to be a 
speaker. Of course, a budding botanical student desired to be there. In 
fact, he just had to go. But the college authorities did not think it wise 
and would not give their approval to his petition to be absent long enough 
to attend the meeting. No amount of persuasion changed their verdict. 
What did our independent, ambitious student do? He went. And he 
graduated a little later, but many amends had to be made. 

His desire to stayt on a career in botany, however, was not so easily satis- 
fied. His first disappointment was that botany was not being taught when 
he arrived at the Iowa State College. Before going to college he had found 
a copy of The American Agriculturist in which the parts of a flower were 
illustrated and described. He collected the plants of his home region, ana- 
lyzed the flowers, and sought names for them. Although no one taught 
botany when he arrived as a freshman in college, the professor of agricul- 
ture helped him by supplying the first botanical book he had ever seen. It 
was Eton’s Manual of about 1840. But the first real help came during his 
sophomore year when Dr. Charles E. Bessey arrived at Ames as a member 
of the instructional staff in 1870. An immediate friendship developed be- 
tween instructor and student. Professor Bessey must have been delighted 
to have such an enthusiastic student of botany and the student was certainly 
fortunate to have contact with such a gifted and inspiring teacher. In later 
years Professor Bessey referred to Dr. Arthur as his first botanical son” 
and was justly proud of him. 

The college course then made a fine start toward specialization in botany, 
thanks to Professor Bessey. There were courses in vegetable physiology 
and economic plants, and lectures on weeds and parasitic fungi. Dr. Bes- 
sey ’s description of the last-named course was that the subject was illus- 
trated by means of a good microscope, the College Herbarium, and a large 
collection of fungous plants. Little wonder that a student of the proclivity 
of Joseph Charles Arthur laid there the foundation for a long career in 
mycology. But, once through college, the young graduate was severely 
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tested. The modern era of botanical teaching and research was in its in- 
fancy. In 1872 botanical positions had not come into being in the colleges 
and universities. Agricultural experiment stations had not been founded, 
and there were no state or national departments of agriculture. Not until 
1879, when he went to the University of Wisconsin as instructor in botany, 
did young Arthur succeed in obtaining a botanical position. But in the 
intervening years he never for a moment gave up the determination to make 
botany his life work, although he had to give attention to other things. 
He taught country schools several winters. He returned to the college at 
Ames several times to carry on special work. He prepared an exhibit for 
the Philadelphia Centennial Exposition in 187 6. This consisted of a display 
of the flora of Iowa. For this he was awarded two diplomas and a bronze 
medal. In Philadelphia he worked for a time for a mineralogist. Then, 
going back to Iowa State, he became an assistant — not in botany but in 
zoology. He served also as an assistant in the library, where he helped to 
inaugurate the Dewey system of classification. His graduate work was in 
botany, the thesis being on the anatomy of Echinocystis lohaia (wild cucum- 
ber-vine), and resulted in his receiving in 1877 the first Master 'of Science 
degree conferred by the College. For a while after that he had no work, 
but his yearning for an opportunity to work with plants led. him to corre- 
spond with Peter Henderson, famous florist and seedsman of New York. 
This resulted in an opportunity for him to work in the Henderson green- 
houses. This was in 1879. But the plan was never carried out. On his 
way to New York he stopped off at Baltimore to explore the city and more 
particularly the newly established Johns Hopkins University. A more or 
less chance interview with the President resulted in the offer of a compli- 
mentary fellowship of the value of $100.00. The opportunity to stay for 
a term wms particularly welcome because the renowned mycologist. Dr. Wil- 
liam G. Farlow, of Harvard, was coming within a week to begin a course of 
lectures. The Peter Henderson plan was abandoned. This spring term at 
Johns Hopkins was followed immediately with a summer term at Harvard. 
Work with Dr. Farlow was continued and Other work was taken with Dr. 
George Lincoln Goodale and Dr. Asa Gray. What more could a struggling 
botanical student have desired? But there was more— John M. Coulter and 
Charles E. Barnes were fellow students. Lasting associations dated from 
that summer. Two or three years later Arthur, Barnes, and Coulter were 
working on the Handbook of Plant Dissection, which naturally came to be 
known as the ABC book. Botanical science is also indebted to these same 
three men for the Botanical Gazette, which they jointly edited over a long 
period of years. 

In 1884 Joseph Charles Arthur was elected botanist in the newly founded 
Agricultural Experiment Station at Geneva. Here was a position for which 
he was well prepared and to which he was well- suited. He had not been 
entirely happy in the teaching positions he had held just before at Wisconsin 
and Minnesota. The opportunity to do full-time research was exactly what 
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he had desired. He made good from the start. His early work at Geneva 
with pear blight is known to all plant pathologists. While there he took 
advantage of the opportunity to do graduate work at Cornell, which brought 
him a doctor ’s degree in 1886. 

In 1887 Hr. Arthur was called to Purdue University as Professor of 
Botany. The next year his title was changed to Professor of Vegetable 
Physiology and Pathology and Botanist to the Indiana Agricultural Experi- 
ment Station. This position he held until his formal retirement in 1915. 
Prom then until his death he was Emeritus Professor of Botany at Purdue. 
He retained his residence in Lafayette and continued his work at the Uni- 
versity for many years. He was married to Emily Stiles Potter, of Lafay- 
ette, Indiana, in 1901, also a person of New^^ England extraction. Mrs. 
Arthur died in 1935. 

During the earlier years of his connection at Purdue Dr. Arthur taught 
plant physiology and plant pathology. He was much interested in designing 
and building apparatus for laboratory work in plant physiology, but he 
spent most of his time on research in plant pathology and mycology. His 
work on the cereal smuts and on potato scab was important scientifically and 
valuable economically. He was the first to use formaldehyde for the preven- 
tion of potato scab. 

Although an important and pioneer contributor to other botanical fields, 
particularly physiology and pathology. Dr. Arthur must be most praised 
for his wnrk wdth that intriguing group of fungi known as the plant rusts. 
For many years he has been recognized as a world authority on this group 
of fungi. His interest in the rusts began while he was about the college 
at Ames in the years following his graduation. Dr. Bessey had purchased 
a collection from the Curtis Herbarium. In it were many specimens named 
by M. J. Berkeley but there were also specimens which were unnamed. To 
the young investigator it seemed that names must be supplied. Then began 
the describing of new species in his first rust paper on ^Howm Uromyces^’ 
published in 1882. From then until the publication of his last paper in 1936 
he was continuously investigating the rusts, their life-cycles, genetic rela- 
tionships, and geographical distribution. In 1899 he began a series of cul- 
ture studies which continued for nineteen years. The life-histories and host 
relationships of many species, possibly a hundred or more, w^ere revealed by 
these painstaking experiments. In summarizing this work (see Memoranda 
and Index of Cultures of Uredineae, 1899-1917, Mycologia 13: 230-262, 
1921) Dr. Arthur states that more than 2390 collections were used and that 
about 3750 sowings were made. When it is realized that almost every cul- 
ture involved a potted plant growing in a greenhouse some idea of the mag- 
nitude of the work may be gained. Almost more phenomenal is the fact 
that more than 85 botanical correspondents contributed specimens and field 
observations year after year. A large number of these correspondents were 
not professional botanists and many of them acquired their interest, ability, 
and inclination either through personal contacts or correspondence with 
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Dr. Arthur. It is a marvelous example of how invaluable volnntaiy assis- 
tance may be enlisted through boundless enthusiasm and fine inspiration. 
Throughout his long professional career Dr. Arthur’s work was never lim- 
ited to the facilities and resources of the institution with which he was con- 
nected but extended far beyond that range. 

In 1905 he brought out a new classification for the order Uredinales. 
Although he modified this classification in later years it served in its time as 
a great impetus to the researches on the group. In 1907 he began the prepa- 
ration of a taxonomic treatment of the North American Uredinales for the 
North American Flora (published by the New York Botanical Garden) . 
This ran into 11 parts consisting of a total of 765 pages and required 20 
years for completion. Two books have been published — a volume titled The 
Plant Busts in 1929 (in collaboration with F. D. Kern, C. Hi Orton, P. D. 
Promme, H. S. Jackson, E. B. Mains, and G. B. Bisby, all former associates 
in his laboratories), a biological treatment, and a Mamcal of the Busts in 
United States and Canada, in 1934, a taxonomic treatment. In addition to 
these larger publications he found time to bring out a very long list of papers 
dealing with varied aspects of the rusts. Many collectors sent him their 
specimens. He determined and reported on collections not only from the 
United States but from Canada, Cuba, Puerto Eico, Mexico, Guatemala, 
South America, and the Philippines. He made collecting trips himself to 
the Eocky Mountains, New England, several southeastern States, and to 
Texas, New Mexico, and Arizona in the Southwest. He made numerous 
trips to Europe partly because of his fondness for travel but mostly to study 
type specimens in some old world Herbarium or Botanical Garden, to obtain 
access to some rare literature, or to confer with fellow workers, or to attend 
an International Botanical • Congress where botanical nomenclature was 
under discussion. He was naturally much concerned with the rules of 
nomenclature, not only as they applied to his group of rusts, but also as 
they applied to the host plants. He was active in the Congresses at Vienna, 
1905, Brussels, 1910, and Cambridge, 1930. In 1925 a trip was planned 
especially to confer with European mycologists who had special interests 
in the rusts. It was the privilege of the writer to accompany Dr. Arthur 
on this trip. Visits were made with Klebahn, Sydow, Dietel, Kniep, Lager- 
heim, Eriksson, Juel, J^rstad, Gaumann, Eamsbottom, Butler, and Miss 
Wakefield. A paper in Science (Vol. 43, pp. 558--560), entitled Conversa- 
tions with European Mycologists, illustrates the yalue of exchanging opin- 
ions with fellow botanists in Germany, Sweden, Norway, Switzerland, and 
England, It was a strong link in a chain of cosmopolitan activities forged 
by Dr, Arthur throughout his long life. 

It is diificult to render an adequate appraisal of Dr. Arthur’s contribu- 
tions to our knowledge of the plant rusts. They are set forth in 150 papers 
over a period of more than fifty years. The total number of papers on all 
subjects is 289. No detail was ever too small to be considered and no effort 
was too great if there was a possibility of arriving at a clearer tinder standing 
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of the identity and relationships of the various forms and species. Nor can 
we measure the results merely by reviewing his own publications but must 
take into consideration how he reached out into the lives of his students, his 
assistants, his correspondents, and his colleagues, spurring them on to an 
ever widening circle of activities. Some of his associates, who in their own 
turn have been active, have already been named as collaborators in the book 
on The Plant Kusts. We would fail if we did not name Bolley, Olive, 
Whetzel, Johnson (A. 6.), Christman, Dodge, Garrett, Bethel, Holway, 
Rosen, Stevens (P. L.), Clinton, Kunkel, Thurston, and Cummins, who were 
influenced either directly or indirectly. There are many others whose con- 
tributions w^ere less extensive but nevertheless important. It is not given to 
many men to be so productive both through their own efforts and through 
their influence on the efforts of others. 

Dr. Arthrm was a member of Sigma Xi; the American Society of Nat- 
uralists; the American Philosophical Society; the Academy of Natural Sci- 
ences of Philadelphia; the American Academy of Arts and Sciences; the 
Indiana Academy of Science (president, ’93) ; the American Association 
for the Advancement of Science (vice president, ’95) ; the Society for the 
Promotion of Agricultural Science ; the Botanical Society of America (twice 
president, ’02, ’19) ; the Torrey Botanical Club; the American Phytopatho- 
logical Society (president, ’33); the Mycological Society of America; the 
Deutsche Botanische Gesellschaf t ; and the Russian Botanical Society. 

The life and work of Dr. Arthur should serve as a great inspiration to 
ambitious young workers. A pioneer spirit, real resistance to discourage- 
ment, industrious habits, sound scholarship, unflagging persistence, and 
singleness of purpose led Dr. Arthur to high achievement. 
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INTRODUCTION 

Chemical eradication is an accepted practice in the control of several 
major plant diseases and offers possibilities for wider use. In recent years 
renewed interest in this means of plant disease control has been stimulated 
by an increasing knowledge of epidemiology and by frequent failures of 
control programs that relied solely on applications of protectant fungicides. 
Special attention has been given to the feasibility of eradicant spra^dng as 
an aid in the control of certain diseases of orchard and small-fruit crops, 
particularly apple scab, caused by Venhiria inaequalis ('Cke.), Wint. (12, 
16, 20). Several investigators (1, 2, 3, 7, 8, 10, 11, 13, 14, 15, 16, 17, 20, 21, 
22, 23, and 28) have reported a drastic reduction of the ascosporic inoculum 
of this fungus by experimental applications of eradicant fungicides to the 
overwintered leaves on the orchard floor. Of the materials that have been 
thus tested, a proprietary preparation of sodium dinitro-ortho-cresylate, 
trademarked Elgetol, seems to have given the most satisfactory results. 

The first comprehensive work on the toxicity to fungi of sodium dinitro- 
ortho-cresylate was reported in 1912 by Palck (5). Among the many cresol 
and phenol derivatives tested, the sodium and potassium salts of dinitro- 
ortho-cresol were the most toxic. Truffaut and Pastac (29), 1932, recom- 
mended the use of Elgetol, developed by them during a study of fungicidal 
organic dyes, as a fungicide and insecticide for dormant spraying. They 
cited numerous phytopathogens and insect pests against which it might be 
used. Pastac (25) has given further data on the toxicity of some dinitro 
compounds. 

The purpose of the in vitro experiments reported here has been to study 
comparatively the toxicity of Elgetol and some other potential eradicant 
fungicides. 

The test fungi were Venhiria inaequalis and some other plant pathogens 
that might be combated by eradicant spraying. 

The test materials, in addition to Elgetol, were Lignasan (a commercial 
preparation of ethyl mercury phosphate) and preparations of phenyl mer- 
cury oleate and a toluene derivative, respectively. Limited data of Keitt, 
Clayton, and Langford (16) have indicated that Lignasan has high toxicity 
to the scab fungus in overwintered leaves. The other 2 materials were 
chosen to include another organic mercurial compound and a toluene deriva- 
tive that showed a promising degree of toxicity in preliminary tests. 

1 Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. * 

The writer expresses his appreciation to Dr. Gr. W. Keitt and Dr. B. M. Duggar for 
their supervision and advice during the course of this study. 

Grateful acknowledgment is made to the persons who contributed fungi and to Mr. 
Eugene Her rlihg for preparing the text figures. 
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The procedure was based on the agar-plate method developed for toxi- 
metrie studies of wood preservatives by Schmitz and others (27) . Palmiter 
and Keitt (24) adapted the method to an in vitro study of eradicant fungi- 
cides. Humphrey and Fleming (9) have reviewed the methods and mate- 
rials used in the early toximetrie investigations of wood preservatives. 

The method is adapted to a preliminary evaluation of the toxicity of 
potential fungicides and studies on their toxic action under the experimental 
conditions. Tests may be made without seasonal limitations, rapidly, and in 
a controlled environment. Critiques of the method, as applied to the test- 
ing of wood preservatives, have been presented by Bateman (4), Findlay 
(6), and Eichards (26). 

This work is designed to supplement field studies and aid in the interpre- 
tation of their results. It is recognized that the findings from such work 
cannot be applied directly to field practice because of the differences in 
conditions. 

In addition to the in vitro studies, limited experiments were made on the 
suppression of the ascosporic inoculum of YenUtria inaeqiialis in naturally 
overwintered apple leaves. 


TOXIMETRIC STUDIES 

Methods 

The fungicides were pipetted aseptically from freshly prepared self- 
sterilized stock solutions or suspensions into proper volumes of cool sterile 
distilled water in 250-ce. Brlenmeyer flasks to give 100 cc. of fungicide at 
twice the desired final concentration. As certain of the fungicides had vola- 
tile components, none of them was heated at any time. The medium (Trom- 
mer’s extract of malt, 25 g. ; agar, 17 g. ; and distilled water to make 1000 
cc.) was freshly prepared at twice the final concentration, dispensed without 
filtering in lOO-cc. lots into 250-ec. flasks, and autoclaved at 15 pounds ’ pres- 
sure for about 25 minutes. The medium was never reheated after the first 
sterilization. 

The diluted fungicide was added to the partially cooled medium, shaken 
well, and about 50 cc. of the mixture poured into eachfc)f four 12-ounce 
bottles (Illinois-Owens ovals) with metal screw caps containing oiled-paper 
inserts. The bottles were laid on their broad plane surface while the 
medium gelled. For toxic materials in suspension, the temperature was 
regulated to provide rapid gelling. In adapting the method for the present 
study, Petri dishes were replaced by bottles to obviate appreciable losses of 
water and volatile components of the toxic agents. 

The plates from which disks were cut for planting the bottles contained 
15 to 17 cc. of malt-agar medium and were planted with a standardized 
water suspension of mycelium and spores. They were wrapped with wax 
paper and incubated in darkness at 70° F. for the following periods : 
Sclerotinia fructioola (Wint.) Eehm, 5 days; ieijerincMi Oud. 

and Yalsa cincta Fr., 7 or 8 deijB; Cl^dospormm carpophiUim Thum, and 
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Coccomyces hiemalis Higgins, 14 or 15 days; and Yenhtria inaequaliSy 16 or 
17 days. Disks otValsa cincta were cut before the pyenidia were visible or 
when only immature pyenidia were present. 

Disks 5 mm. in diameter and of uniform thickness were cut from vigor- 
ous mycelia of the test fungi. Six disks with the fungus-bearing surface 
uppermost were placed about equidistant from each other on the medium in 
the bottle. The bottles were inverted, incubated in a horizontal position, 
and kept in darkness at 70° F. for 2 weeks. The liquid that accumulated 
on the lower inside surface of the bottle during the incubation period was 
carefully poured out before the disks were removed. 

After the.iucubation period, the disks without macroscopic evidence of 
mycelial growth, subsequent to planting, were removed to Petri dishes con- 
taining about 20 cc. of malt agar and placed with the fungus-bearing surface 
next to the medium. The plates were inverted and incubated for 3 weeks. 
The fungus was considered dead if new growth did not appear. Bach bottle 
was considered as a unit, being listed as positive if growth occurred on any 
disk. Care was taken to handle each disk separately when testing for viabil- 
ity, and all were recorded individually in the original data. 

The criteria of toxicity are comparable to those used by Palmiter and 
Keitt (24) : growth represents the highest concentration at which survival 
occurred in any series of tests, and death represents the lowest concentration 
at which killing always occurred in any series of tests. 

Duplicate bottles for each concentration of fungicide and each isolate 
under consideration were prepared in every test. Every test to determine 
the critical data was done at least 3 times with freshly prepared fungicide 
and nutrient medium. Duplicate bottles containing plain malt-extract agar 
were planted for each isolate concerned in every experiment. The fungus 
always grew well in these bottles. 

The test fungi grew well throughout the range of pH encountered in this 
work. Plain malt-extract agar had a reaction of pH 5.5 to pH 6.0. Every 
fungicide reduced the acidity of the medium, usually to the range of pH 6.0 
to pH 6.5. At the higher concentrations of Elgetol the reaction of the 
medium was about pH 7.0. There were no appreciable pH changes during 
the test period, except when the fungus grew on the toxic substratum. Then 
the reaction shifted towards pH 5.5, the magnitude of the shift depending 
upon the extensiveness of the mycelial growth. All pH measurements were 
made with a Coleman Model-3 pH Electrometer. 

It is recognized that minor errors in percentage concentration of the 
toxic substratum are inevitable in dealing with the methods and materials 
used here. All feasible precautions were taken to minimize such errors. 

Materials 

Description and Source of the Toxic Preparations 

Elgetol: The Elgetol used was a liquid proprietary preparation contain- 
ing 19.4 per cent by weight of sodium-dinitro-ortho-eresylate with water 
and a penetrant added. 
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Lignasan: Tlie Lignasan used was a powdered proprietary fnngicide con- 
taining 6.25 per cent by weight of ethyl mercury phosphate mixed with non- 
toxic inert material. 

Phenyl mercury oleate was used in a preparation coded PD~2 
that contained 10 per cent by weight of the toxic agent. The remainder of 
the product was mineral oil and an emulsifier. 

IN~3102 AS: A toluene derivative was used in a preparation coded 
IN~3102 A8 that contained 50 per cent by weight of the toxic, agent. 

At the concentrations used, Elgetol was completely in solution, Lignasan • 
and the toluene derivative preparation were primarily suspensions, and the 
phenyl mercury oleate preparation was dispersed in an emulsion. 

The data on the composition of each material listed above are based on 
the manufacturer's statement. Elgetol was furnished through the courtesy 
of Standard Agricultural Chemicals, Incorpoi^ated. Lignasan, the phenyl 
mercury oleate preparation, and the toluene derivative preparation, were 
provided through the courtesy of E. I. du Pont de Nemours and Company. 

Source and Purity of the Test Fungi 

The test fungi were obtained from the following sources : Cladosporium 
carpopMkm, a monoconidial isolate from a peach twig furnished by Donald 
Cation, East Lansing, Michigan, 1939; Coccomyces hiemalis, 2 monoconidial 
isolates from Montmorency cherry leaves at Madison, ‘Wisconsin, 1940; 
Coryneum 'beijerinckii^ a monoconidial isolate from each of 2 cultures iso- 
lated from peach and furnished by E. E. Wilson, Davis, California, 1939 ; 
Sclerotinia frucUcola, a monoconidial isolate from each of 2 plums collected 
at Gays Mills, Wisconsin, 1939 ; Yalsa cincta, a monoconidial and a mono- 
ascosporic isolate from E. M. Hildebrand, Ithaca, New York, 1939 ; Venturia 
inaeqmliSy 2 monoaseosporic isolates of opposite sexual compatibility groups 
from the same ascus, obtained by M. H. Langford at Madison, Wisconsin, 
1937 (c/. 19). Isolate B4 is here designated as isolate 1, and B8 as isolate 2. 

All of the isolates except those of Valsa cincta were propagated by mono- 
conidial transfers, and all remained true to type, as judged by macroscopic 
characters. Usually 2 isolates of each organism were used to guard against 
the possibility of limiting the work to a single isolate of unusual reaction. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Toxicity of the Fungicides to the Test Fungi 

The data from the individual tests, based on the criteria of toxicity 
defined elsewhere, are summarized in table 1. Some of the critical data 
indicate the maximum tolerance of the isolate as expressed in 1 divergent 
test. This occurred especially with the non-mercurial preparations. As the 
lethal concentration of a fungicide' was approached, the number of disks 
surviving usually diminished, until often the critical concentrations were 
determined by the survival of only 1 or 2 of the 12 disks in duplicate bottles. 

Coccomyces hiemalis was constantly one of the more susceptible species. 
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usually followed in order by either Venturia inaequalis or Valsa cincta. 
Cladosporium carpopMUim^ Coryneum ieijerinckiiy and Sclerotinia fructic- 
< 9^(2 were commonly the more resistant organisms. 

Differential susceptibility to the toxic action of a giyen fungicide oc- 
curred among the species of test fungi. This was accentuated by the weaker 
toxic preparations. The reaction of each isolate was quite uniform in a 
series of tests, considering the relative toxicity of the fungicide used, and 


TABLE 1 . — Toxicity of 4 potential eradicant fungicides to 6 pliytopathogenio fungi 


Test fungus and 
isolate number 

Criteria 

Critical concentrations'^ for 

Elgetol 

Lignasan 

Phenyl 

mercury 

oleate 

prepara- 

tion 

Toluene 
derivative 
j preparation 




Per cent 

Per cent 

Per cent 

Per cent 

Cladosporium 

1 

Growth 

0.075 • 

0.0025 

0.010 


carpophiliim 


Death 

0.100 

0.0050 

0.025 

> 0.200 

Coccomyces 

1 

Growth 

0.010 

0.0010 

0.005 

0.025 

hiemalis 


Death 

0.025 

0.0025 

0.010 

0.050 


2 

Growth 

0.010 

0.0010 

0.020 

0.010 



Death 

0.025 

0.0025 

0.030 

0.025 

Coryneum 

1 

Growth 

0.050 

0.0025 

0.040 

0.100 

heijerincMi 


Death 

0.075 

0.0050 

0.050 

0.200 


2 

Growth 

0.100 

0.0010 

0.040 




Death 

0.200 

0.0025 

0.050 

> 0.200 

Sclerotinia 

1 

Growth 


0.0025 

0.020 

0.020 

fructicola 


Death 

> 0.200 

0.0050 

0.030 

0.030 


2 

Growth 

0.100 

0.0050 

0.030 

0.030 



Death 

0.200 

0.0075 

0.040 

0.040 

Valsa cincta 

1 

Growth 

0.025 

0.0025 i 

0.005 




Death 

0.050 

0.0050 

0.010 

> 0.200 


2 

Growth 

0.050 

0.0010 

0.020 




Death 

0.075 

0.0025 

0.030 

> 0.200 

Venturia 

1 

Growth 

0.050 

0.0010 

0.005 


. inaequalis 


Death 

0.075 

0.0025 

0.010 

> 0.075 


2 

Growth 

0.050 

0.0010 

0.005 




Death 

0.075 

0.0025 

0.010 

> 0.075 


a The figure shown for growth is the highest concentration at which survival occurred 
in any series of tests; for death, the lowest that always killed. 

> indicates that the lethal concentration was greater than the figure shown. Per- 
centage concentrations are based on the toxic preparation as described in the text. 

noteworthy differences between isolates of the same organism were not found . 
No correlation between the cultural characteristics of the several isolates and 
their susceptibility to toxic action was evident. 

Under the experimental conditions, Lignasan was the most toxic fungi- 
cide, followed by the phenyl mercury oleate preparation, Blgetol, and the 
toluene derivative preparation. Based on equal percentage concentrations 
of the toxic agent, the toxicity of Lignasan was 3 to 300 times that of any 
other preparation, depending upon the fungicide and the isolate used. The 
phenyl mercury oleate preparation on this basis was considerably more toxic 
than Elgetol. 
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In considering the relative toxicity of these fungicides, allowance should 
be made for the advantages accruing to preparations yielding a toxic vapor. 
Except Elgetol, every preparation had a vapor that was toxic at the concen- 
trations used, and that of Lignasan was especially toxic, as proved by lim- 
ited experiments not reported in detail. 

The specificity of the fungicides was brought out by the reactions of the 
several test fungi. Each mercurial preparation was consistently toxic 
within its own range to all of the isolates. Some evidence of specificity was 
found with Elgetol. The toluene derivative preparation was markedly toxic 
to only 2 test fungi, Coocomyces hiemalis and Sclerotinia frucUcola^ ordi- 
narily a resistant species in this study and in that of Palmiter and 
Keitt (24). 

Relation of Concentration of Toxic Preparation to 
Time Required for Killing Fungus 

Indications were sought as to the time required for a given concentration 
of a fungicide to kill a particular fungus under the conditions used for 
studying relative toxicity. Elgetol and Lignasan were the fungicides used ; 
the fungi were 2 isolates of each Coryneum heijerinckii, Sclerotinia frncti- 
cola, dJidiYentnria inaequalis. 

The methods of preparing the toxic substratum and the plates from 
which disks were cut were the same as those described earlier. Each bottle 
was planted with 6 disks and incubated for a suitable period under condi- 
tions given above. Thereafter, the disks of each bottle were removed to a 
Petri dish containing about 30 cc. of sterile distilled water, leached for 
approximately 1 hour, and then placed with the fungus-bearing surface 
down on malt-agar plates, which were inverted and incubated at 70° P. for 
3 weeks. Disks that did not show signs of life after this interval were con- 
sidered dead. Each bottle was considered as a unit, for the disks mingled 
during leaching. 

The leaching extended the time during which the fungus was in contact 
with the fungicide, but this source of error is regarded as unimportant. The 
vitality of the fungus was not affected perceptibly by immersion, as shown 
by tests of untreated fungus-bearing disks. 

The critical data were obtained by using each iungus with each concen- 
tration of the 2 fungicides and at each critical time interval in at least 3 
tests, with 2 exceptions. Only 2 tests were made with Sclerotinia frticticola 
and Elgetol, at 0.25 per cent, after earlier data showed that Elgetol, at 0.10 
per cent, was not lethal to either isolate in the 14-day test. One test was* 
made with this fungus and Lignasan at 0.005 per cent. The results of the 
several tests in this part of the study were reasonably uniform. 

Figures 1 and 2 indicate the maximum survival period for each isolate 
in any test of a given concentration of fungicide. Killing occurred at some 
time during the last recorded interval on the bar graph. 

With both Elgetol and Lignasan, Sclerotinia fructicola the most 
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Fig. 1. Relation of the concentration of Lignasan to the time required for hilling 
certain fungi. . . 


resistant species, followed in order by Coryneum heijermokii and 'Venturia 
inaequalis. Lignasan was the more toxic of the fungicides. The difference 
in susceptibility noticeable among the test fungi at the lowest concentration 
of Lignasan may be misleading unless it is observed, in table 1, that the con- 
centration of 0.005 per cent was about a minimum lethal dose for Sclerotinia 
fructicola, 1 to 2 times that for Coryneum heijerinckii, and 2 to 5 times that 
for Venturia inaequalis. At a concentration of 0.025 per cent, the relations 
to the minimal lethal dose for these fungi were, respectively, 5, 5 to 10, and 
10 to 25 ,* at 0.05 per cent, 10, 10 to 20, and 20 to 50. 

The fungi were killed rapidly at the higher concentrations of Lignasan. 
At 0.025 per cent, ail of the isolates were killed within 24 hours. No more 
than 6 hours was required for killing at 0.05 per cent. Lignasan probably 
had important advantages over Elgetol in these tests because of its highly 



Fig. 2. Relation of the concentration of Elgetol to the time required for killing 
certain fungi. 
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toxic vapors and the use of an airtight testing chamber. Even at the high- 
est concentration of Elgetol, Sclerotinia fructicola was markedly resistant, 
whereas the most resistant isolates of the other test fungi were killed within 
48 to 96 hours. 

Elgetol, at 0.5 per cent, was about twice the miniinnni lethal dose for 
Sclerotinia fructicola^ 2 to 5 times that for Coryneiim ’heijerinchii and 7 
times that for Yenturia inaequalis. At the concentration of 1.0 per cent, 
the relations were, respectively, about 5, 5 to 10, and 13. 

Suppression of Ascosporic Inoculum of Venturia inaequalis 

Data with which to supplement the in vitro experiments were sought in 
experiments at the field laboratory at Gays Mills, Wisconsin. Overwintered 
apple leaves bearing numerous perithecia of Yenturia inaequalis were 
selected under trees of the Cortland variety on April- 9, 20, and 25, respec- 
tively, for the 3 experiments reported here. Only leaves overwintered on 
sod with their dorsal side uppermost were used. Suitable numbers of leaves 
were arranged out-of-doors on sod under wire netting with the weathered 
surface exposed and no overlapping. They were sprayed with Elgetol, at 
0.5 per cent, at the rate of 600 gallons per acre. A knapsack type Meyer’s 
sprayer was used. 

After the leaves were dry — ^within 2 hours after spraying — a single disk 
15 mm. in diameter was cut from each in an area where ascocarps were 
abundant. At intervals of 3, 6, 12, and 24 hours after the leaves were 
sprayed, 20 disks for each time interval were leached in 1 liter of tap water 
for an hour. Then 5 disks were placed on the inside surface of the cover 
in each of 4 Petri dishes, the excess water was removed, and the perithecia 
were allowed to discharge ascospores for several hours on agar gel made 
aseptic by copper sulphate. Each disk was set up 4 consecutive times for 
ascospore discharge over the same area of the agar plate. Between dis- 
charges the disks were kept under conditions suitable for maturing of more 
ascospores. The discharges were made at 3- or 4-day intervals and at 
room temperature. Unsprayed checks of 20 disks each received the same 
treatment during the period of ascospore discharge. The abundant asco- 
spore discharge from the perithecia in untreated leaf disks indicates that 
the experimental material and procedure were suitable for the purpose 
(Table 2). 

The ascospores were counted under the microscope without duplication 
by manipulating the open Petri dish on a mechanical stage. When no more 
than a few hundred spores were present, all were counted or closely esti- 
mated. If several hundreds or thousands of spores were present, 30 fields 
per individual area were counted or closely estimated and the total discharge 
calculated. 

The indicated reduction in ascospore discharge from perithecia in leaf 
disks treated with Elgetol varied little in the 3 experiments, usually amount- 
ing to more than 99 per cent (Table 2). 
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Evidently, Elgetol acts quickly, for the suppression after 3 hours was 
as complete as that at the longer intervals. The results of a single experi- 
ment suggest that rapid drying may hasten the inactivation of the fungus. 
In experiment 3, parallel series of 20 disks each were prepared for the 3-, 
6-, and 12-hour intervals. The disks of 1 series were not allowed to dry dur- 
ing the interval from spraying to leaching, and the other series was handled 
in the usual manner. In leaves allowed to dry rapidly, the suppression was 
almost 100 per cent by the end of the 3-hour interval. Six hours were re- 
quired for equal suppression of the fungus in the constantly wet leaves, 
although the suppression was about 98 per cent after the 3-hour treatment. 


TABLE 2. — Time required for suppression of the ascosporic inoculum of Venturia 
inaequalis hy JElgetol applied to overwintered leaves of the Cortland variety, Gays Mills, 
Wisconsin, 1941 


Period of treat- 

Total ascospore discharge 
from 20 disks^ 

Indicated percentage 
reduction in discharge 
by treatment 

ment in hours 

Experiment No. 

Experiment No. 


1 1 

2b 

3 

1 

2 

3 

Untreated cheek 

424,676 

743,213 

752,911 




3 

92 

19,818 

5 

99.9 

97.9 

99.9 

6 

204 

4,090 

534 

99.9 

99.6 

99.9 

12 

707 

21,715 

144 

99.8 

97.7 ■ 

99.9 

24 

149 

12,192 

1,340 

99.9 

98.7 

99.8 


a A single disk 15 mm. in diameter was cut from an area of a leaf where ascocarps 
were abundant. 

b Most of the spores were from 1 or 2 disks: 3 hours, 2 disks with 11,084 and 5,444 
spores, respectively; 6 hours, 1 disk with 2,406 spores; 12 hours, 1 disk with 18,635 spores; 
and 24 hours, 1 disk with 10,413 spores. 

Interest attaches to the question whether Elgetol treatment can eifee- 
tively suppress the ascosporic inoculum of the scab fungus if applied after 
the ascospores are ripe and ready for discharge. The developmental stages 
of the ascocarps and the course of natural discharge of ascospores at the time 
of the experiments were studied. Both fresh and preserved ascocarps were 
examined in the study of developmental stages. The preserved material 
was chosen from treated leaves just before the disks were set up for the first 
ascospore discharge in each experiment and was fixed in fornial-acetic alco- 
hol, embedded in paraffin, sectioned, and stained in 0.05 per cent aqueous 
cotton blue. Perithecia were also picked from the preserved leaves, crushed, 
and examined. 

Ascospores were starting to mature at the beginning of the first experi- 
ment, so that a few olivaceous spores were present in some of the perithecia. 
At the beginning of the second and third experiments, many of the ascocarps 
contained not less than 5 to 10 asci with olivaceous spores (Pig. 3) . 

Evidence on natural discharge of ascospores was obtained by the method 
of Keitt and Jones (18) . The first natural discharge was observed on April 
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9, and small to moderate discliarges occurred by the time of the second and 
third experiments. 

It is noteworthy that the suppression of the ascosporie inoculum in the 
second and third experiments was as effective as in the first. 

The in vitro experiments reported elsewhere in this paper necessitated 
the use of killing as the criterion of effectiveness of the several fungicides. 
In practice, the goal of chemical eradication is the suppression of the inocu- 
lum of a phytopathogen. Consequently, immediate killing may be of sec- 
ondary importance. It is significant that Blgetol, at 0.5 per cent, drasti- 
cally suppressed the inoculum of Tenturia inaequalis in overwintered apple 
leaves within 3 hours, whereas, in in vitro experiments, 24 to 48 hours elapsed 
before aU of the fungus was killed at this concentration. 



Fia. 3. Sections of perithecia of Venturia inaequalis from material fixed at the 
lieginning of the second experiment, illustrating the more advanced developmental stages 
observed. A. Untreated per ithecium. B. Perithecium treated vrith 0.5 per cent Elgetol. 
Both approximately X 330. 

A satisfactory suppression of the inoculuin of certain fungi is most sure 
with toxic preparations that act quickly, For instance, the apple-scab 
pathogen and Coccomyces hiemalisj the cherry leaf -spot pathogen, develop 
on the orchard floor in overwintered leaves from which spray residue may 
be leached by rain. A preparation that at feasible concentrations would 
render a sufficient part of the potential inoculum harmless within a few 
hours is the type of material sought. There are strong indications from the 
orchard trials of other investigators that Elgetol and Lighasan approach 
this requirement. The results of the field experiments reported herein give 
additional evidence that Elgetol is capable of rapid and drastic suppression 
of the ascosporie inoculum of Veniuria inaequalis, 

SUMMARY 

The toxicity of 4 potential eradicant fungieides was studied in vitro by 
a modification of the agar-plate method of Schmitz and others, 6 species of 
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phytopathogens being used as test fungi. Limited studies were made of 
the suppression of the ascosporic inoculum of Venturia inaeqiialis in over- 
wintered apple leaves by Elgetol. 

Coccomyces hiemalis was constantly one of the more susceptible test 
fungi, followed in order by either Venturia i-naequalis or Valsa cincta. 
Cladosporium corpophilum^ Coryneum l)eijerincMi^ and Sclerotinia frucUc- 
ola were more resistant. The relative susceptibility of the organisms varied 
with each toxic preparation. Each isolate reacted quite uniformly in a 
series of tests, and the diiferences between isolates of the same species were 
not noteworthy. 

Under the experimental conditions, Lignasan was the most toxic fungi- 
cide, followed in order by the phenyl mercury oleate preparation, Elgetol, 
and the toluene derivative preparation. These materials usually killed at 
relatively low concentrations. Each, except Elgetol, had a toxic vapor at 
the concentration used, an advantage that should be considered in inter- 
preting relative toxieities. Specificity of toxic action was shown clearly 
only by the toluene derivative preparation. 

Venturia inaeqiialis was killed within 3 hours by Lignasan and within 
24 to 48 hours by Elgetol at the highest concentrations used in the in vitro 
experiments. Coryneum beijerinckii was more resistant, and Sclerotinia 
fructicola was the most resistant organism to both fungicides. Although 
Elgetol killed more slowly than Lignasan, the apparent difference in rate of 
killing becomes less important if the relation between the minimum lethal 
dose and the concentration used for each fungus and fungicide is considered. 

Elgetol at 0.5 per cent, used at the rate of 600 gallons per acre, usually 
suppressed more than 99 per cent of the ascosporic inoculum of Venturia 
inaequalis in naturally overwintered apple leaves. Suppression was as 
complete 3 hours after treatment as later. It was possible in these experi- 
ments to limit drastically the ascospore discharge from perithecia containing 
ripe spores. 

The importance of the time required for adequate suppression of the 
ascosporic inoculum of certain fungi is discussed. 

The results reported herein give additional evidence that Elgetol is 
capable of rapid and drastic suppression of the ascosporic inoculum of 
Venturia inaequalis. 

Department op Plant Pathology, 

University OP Wisconsin, 

Madison, Wisconsin. 
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THE EFFECT OP MOSAIC VIEUS INFECTION ON THE PEOTEIN 
CONTENT OP SUSCEPTIBLE AND EESISTANT 
STEAINS OF TOBACCO V 

Claude H. Hills and H. H. McKinneys 
(Accepted for publication February 23, 1942) 

INTRODUCTION 

It is known that the common-mosaic virus causes an alteration in the 
normal protein synthesis and that the multiplication of virus in susceptible 
strains of tobacco is influenced by the nitrog*en nutrition of the plants. 

Stanley (17) found that the extracts from the mosaic-diseased plants 
contained more total nitrogen and more protein than the extracts from 
healthy plants of the same age. Bawden and Pirie (4) also observed the 
abnormally high protein content of the expressed juice from mosaic-diseased 
tobacco plants. 

Spencer (15) found that Turkish tobacco plants grown on a very low 
nitrogen level produced little, if any, virus, whereas an increased nitrogen 
supply accelerated the synthesis of virus protein. 

The changes in various protein fractions of mosaic-diseased tobacco were 
studied by Martin, Balls, and McKinney (10, 11). However, since all the 
protein of the plant is not in the expressed juice, they made use of the tissues, 
as well as the juice, in their determinations. They concluded that during 
the early stages of infection the virus protein accumulates by displacing an 
equal amount of normal protein. At a later stage the virus protein is pres- 
ent in addition to the normal amount of soluble proteins maintained by 
healthy plants. They made the interesting observation that some strains of 
tobacco that are extremely resistant to the mosaic virus show a decrease 
in total nitrogen content as a result of virus infection (11). This response 
is entirely opposite to that observed in the susceptible varieties of tobacco 
investigated. 

In the present study we have investigated further the differences in the 
protein metabolism and the oxidizing enzyme contents of susceptible and 
resistant types of tobacco. Such studies are of value in arriving at an under- 
standing of the mode of virus synthesis in plants and the basis of virus 
resistance exhibited by various genotypes of tobacco. 

EXPERIMENTAL 

Materials and Methods 

The tobacco plants used in this study were of two types : (1) Nicotiana 
tahacicm h.^ var. 'Wisconsin-Havana Seed- — a mosaic-susceptible variety- — 

1 Studies conducted under Bankhead-Jones Project S.E.P. 2-17, U. S. Department of 
Agriculture, Bureau of Plant Industry and Bureau of Agricultural Chemistry and Engi- 
neering cooperating. 

2 Associate Chemist, Bureau of Agricultural Chemistry and Engineering; senior 
pathologist, Bureau of Plant Industry, U. S, Department of Agiuculture, Washington, 
D. C., respectively. 
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and (2) T.I. No. 448A, a genotype of common tobacco, ■which was found by 
McKinney (8) to possess the highest degree of resistance to the tobacco- 
mosaic virus known in tobacco. Although T.I. No. 448A develops a low 
concentration of virus in the leaves, it does not develop the usual mosaic 
symptoms, and the virus is not completely systemic in the plant. 

The plants were grown in the greenhouse in pots during the winter and 
spring. Temperatures were controlled near a mean of 22.5"^ C., but this 
temperature was exceeded on days when the sun was bright. Plants were 
inoculated with Nicotiana Virus 1 when the largest leaves were from 3.5 to 
5 cm. wide. In the low-nitrogen series the plants were potted with a very 
poor soil, low in humus and soluble nitrogen. The series designated as ‘'good 
soiP^ was grown in composted greenhouse soil made up from fertile field soil 
and composted manure. In the high-nitrogen series, the plants were potted 
in “ good soiP’ and to each pot was added one pint of a 1.0 per cent solution 
of calcium nitrate twice a week. 

Plant collections were made when the symptoms became fully developed 
in Wisconsin-Havana Seed tobacco or, in some instances, at an arbitrary time 
after inoculation. Four or more plants from each set were cut at the point 
of inoculation and all the leaves above the inoculated leaf, including the tip 
leaves, were removed and the stems discarded. The leaves were then cut into 
small pieces with a knife and mixed to give uniform samples for the determi- 
nation of dry matter and total nitrogen. Total nitrogen w^as determined on 
the oven-dry samples by the usual Kjeldahl method, except that the sul- 
phuric acid used for the Kjeldahl digestion contained 3 g. salicylic acid per 
100 ec. of acid. 

The remaining fine-cut leaf tissue was frozen and later thawed and 
extracted with an equal weight of M/10 phosphate buffer, pH 7.0. After 
standing at room temperature for 2 or 3 hours the tobacco-leaf extract was 
squeezed through cheesecloth and clarified by centrifuging. Aliquots of this 
extract were used for the determination of soluble-protein nitrogen, non- 
protein nitrogen, virus nitrogen, and virus assays on bean leaves by the 
paired-leaf method. 

The nonprotein nitrogen was measured by the iron-reduction method of 
Pucher, Leavenworth, and Vickery (13). Protein nitrogen was determined 
by precipitation with 2.5 per cent trichloroacetic acid and heating at 75° C. 
for 10 minutes. The precipitate was resuspended in a 10-cc. centrifuge tube 
with 2.5 per cent trichloroacetic acid and then centrifuged. The w^ashed 
precipitate was dissolved by gently heating with 1 cc. of concentrated sul- 
phuric acid and then transferred to a micro-Kjeldahl digestion flask. The 
nitrogen was determined by the micro-Kjeldahl method. 

Virus-protein nitrogen was determined by the isoelectric precipitation 
method described by Hills and McKinney (7). In brief , the procedure was 
to acidify a 40-cc. aliquot of the leaf extract to pH 4.2-4.0, at which point 
a fraction of nonvirus protein precipitates and can be removed by centri- 
fuging. On careful acidification to pH 3.4 the virus nucleoprotein is ob- 
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tained in the precipitate and the virus-protein nitrogen can then be deter- 
mined in the same manner as protein nitrogen. 

Biological assays of the virus were made by the paired-leaf method on 
the primary leaves of 8- to 12-day-old bean seedlings (Pkaseohcs vulgaris L., 
var. Scotia). 

The determinations of chlorophyll and chlorophyllase in fresh green leaf 
tissue were made by the method used by Peterson and McKinney (12) . The 
midribs and petioles were removed in order to get more uniform and reliable 
leaf samples. 

The extracts used for the estimation of oxidase, catalase, and peroxidase 
were prepared by grinding 10 g. of fresh, fine-chopped leaf tissue in a 
mortar with sand and 100 cc. of a mixture of 1 part glycerol and 1 part of 
M/5 phosphate buffer, pH 8.0. The suspension was centrifuged at a very 
slow speed (about 700 r.p.m.) for 5 minutes to remove coarse fiber and sand. 
The solution was stored in a refrigerator at 0° C. Determinations were 
made within 3 days after preparation of the glycerol extracts. It was found 
that the enzymes being studied did not deteriorate measurably in 3 days^ 
storage at 0"^ C. 

Oxidase activity was measured by Guthrie’s (6) iodometric method. 
Catalase and peroxidase were determined by the methods published by Balls 
and Hale (2, 3), except that it was found convenient to remove aliquots 
immediately and after 4, 8, and 12 minutes instead of after the time inter- 
vals suggested by those authors. Catalase and peroxidase activities are 
expressed as the reaction velocity constant for 1 g. of fresh leaf 

material. 

RESULTS 

Table 1 shows that Wisconsin-Havana Seed tobacco responded to virus 
infection with an increase in total nitrogen content in the diseased leaves. 
However, the virus concentration in extracts of the nitrogen-deficient plants 
was nearly normal. The plants grown on poor soil were less than half the 
size of those grown on an average greenhouse soil. Spencer’s (16) obser- 
vation that tobacco plants grown on a nearly nitrogen-free sand contained 
only 1/30 the virus content of plants grown in soil does not necessarily con- 
flict with our results. His nitrogen-deficient plants received less than 10 per 
cent of the amount of soluble nitrogen fed to the medium-nitrogen series, 
and made only 1/9 the normal amount of growth. Tinder such conditions 
of severe nitrogen starvation he was able actually to reduce the virus concen- 
tration after the first systemic spread. 

The response of T.I. 448A tobacco grown on good soil was erratic. The 
average of 6 experiments shows a slight increase in total nitrogen of the 
diseased plants as compared to the healthy controls. The decreased nitrogen 
content of the diseased plants grown on poor soil indicates that the effect 
of virus infection on the resistant T.I. 448A tobacco is influenced by the level 
of nitrogen supply. Assays on T.I. 448 A plants showed very low levels of 
virus concentration, even at the stage of maximum virus concentration, and 
in some instances the amount, was too small to show up in a 10"^ dilution. 
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a Virus extracts from Wisconsiii-Havaim Seed tobacco were diluted to 10“® and those from T.I. 448 A tobacco were diluted to 10“^ in phosphate buifer at pH 
7.0. Each sample was then wiped on 30 bean leaves. 
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A more detailed analysis of the effect of virus infection on the nitrogen 
metabolism of susceptible and resistant strains of tobacco is provided by the 
data in table 2. All analyses were calculated on the dry- weight basis. How- 
ever, the dilutions used in making virus assays were calculated on the fresh- 
weight basis. 

The virus concentration in extracts of T.I. 448A tobacco leaves was only 
1 per cent of the virus concentration in extracts of Wisconsin-Havana Seed 
tobacco as determined by biological assay on bean leaves. The virus-protein 
content in T.I. 448 A tobacco was too low to be determined accurately by the 
chemicaT method. Virus-protein nitrogen, as determined by the isoelectric 
precipitation method, is recorded in table 2, column D. 

Wisconsin-Havana Seed tobacco plants infected with virus developed a 
relatively high concentration of the abnormal virus nucleoprotein. Although 
analysis of these plants showed an increase in the soluble-protein fraction, 
the increase did not equal the amount of abnormal virus protein included in 
the soluble-protein fraction. This means that the plant produced a reduced 
amount of normal protein in the presence of the virus protein. The plants 
grown on an increased nitrogen supply showed the same, though a less 
marked, replacement of part of the normal protein by virus protein. The 
changes in nonprotein nitrogen were more pronounced in the plants grown 
on an average nitrogen level than in those grown on a high nitrogen level. 

The resistant strain T.I. 448A showed a much less marked response to 
virus infection than did the susceptible variety. Our results confirm those 
previously reported by Martin, Balls, and McKinney (11), who found that 
virus infection caused a decrease in the total-nitrogen content of a mosaic- 
resistant tobacco. The soluble-protein nitrogen and nonprotein nitrogen of 
T.I. 448A tobacco seem to parallel the total-nitrogen content of the plant and 
are not noticeably altered by the presence of mosaic virus. The virus con- 
tent of this resistant strain never reaches a high level, and the plants do not 
develop mosaic symptoms. 

A study was made of the effect of virus infection on the chlorophyll con- 
tent and on the activity of some of the enzymes of susceptible and resistant 
tobacco plants. The plants were collected 23 days after inoculation, when 
the mosaic symptoms in Wisconsin-Havana Seed tobacco were fully devel- 
oped. The samples included all of the mosaic-mottled leaves. Comparable 
tissues were collected from the healthy control plants. All determinations 
were made on freshly ground leaf tissue that had been freed of petioles and 
midribs. Owing to conditions not iinder the control of the authors, it was 
not possible to divide the samples on the basis of the several stages of tissue 
development. The data are arranged in table 3. 

The decrease in chlorophyll and ehlorophyllase observed in the diseased 
Wisconsin-Havana Seed tobacco agrees with the results of Peterson and 
McKinney (12). 

The resistant strain, T.I. 448 A tobacco, showed no changes in the concen- 
tration of leaf chlorophyll nor in the activity of the leaf ehlorophyllase. 
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Oxidase and catalase were decreased by the virus in the susceptible and 
the resistant plants. However, in the case of peroxidase, there was a de- 
crease in the susceptible plants and an increase in the resistant plants. In 
general, the changes in the enzyme contents were less in the infected resis- 
tant plants than they were in the infected susceptible plants. 

Guthrie (6), using the iodometrie method, found in mosaic-diseased 
tobacco 3 times as much oxidase as in healthy tobacco. Dunlap (5) made 
a point of separating the young from the mature tissues in his samples of 
tobacco tissue, with the result that he found a higher than normal respiration 
rate in the mature diseased tissue. Guthrie (6) may have used young leaves 

TABLE 3. — The influence of common-mosaic virus on the chlorophyll and the enzyme 
content of susceptihle and resistant tobacco plants. Determinations made 28 days after 
inoculation 


Wiseonsin-ITavana Seed Tobacco (Susceptible) 


Plants 

CJiloropliyll 

Chlorophyllase 

Oxidase 

Peroxidase 

Catalase 


' Mm. 

Mm. 

Cc. 



Healthy 

20.0a 

20.00a 

3.580b 

0.845c 

1.600“ 

Diseased 

29.0 

27.60 

2.400 

0.630 

0.765 


T.I. 448A Tobacco (Resistant) 


Healthy 

22.5 

18.00 

i 

3.000 

0.890 

1.345 

Diseased 

, 'i 

22.4 

18.00 

2.250 

1.080 

1.145 


a Depth of solutions of equal concentration required to match standard in colorimeter, 
b Oxidase activity expressed in cc. of N/lOO solution of sodium thiosulphate per g. 
of fresh mateiual with a reaction time of 1 hour at 30° 0. 

c Peroxidase and catalase activities expressed as the reaction velocity constant 
per g. of fresh material. 

or young plants in his studies, but this point is not clear. If the writers 
had been in a position to study tissues in different stages of development, it 
is quite possible that their results would have harmonized with those reported 
by Guthrie and by Dunlap. 

DISCUSSION 

In 'Wisconsin-Havana Seed tobacco, virus multiplied rapidly during the 
first 10 days or 2 weeks following inoculation (10, 11), and when the mosaic 
symptoms were fully developed the virus-protein concentration of the leaves 
amounted to 50 per cent or more of the soluble-protein nitrogen and approxi- 
mately 2 per cent of the total nitrogen of the diseased leaves. 

The increase in total nitrogen of susceptible tobacco plants infected with 
common-mosaic virus was confirmed by our present study. Wisconsin- 
Havana Seed tobacco infected with common mosaic showed an increase in 
total-nitrogen content, which was much greater than the actual increase in 
virus protein. This would seem to indicate that mosaic infection stimulated 
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the plant to synthesize an abnormally high amount of protein, the major 
portion of which was water-insoluble tissue protein, only a small fraction 
consisting of the virus protein itself. 

Wisconsin-Havana Seed tobacco, grown on a high nitrogen level, was able 
to synthesize nearly the normal amount of water-soluble protein in addition 
to the large quantity of abnormal virus protein present, but plants grown on 
a lower nitrogen level showed a greater replacement of soluble protein by 
vkus protein. 

The mosaic-resistant strain (T.I. 448A) showed a much different response 
to virus infection. A decrease in total nitrogen was observed in plants 
grown with a low nitrogen supply. The virus concentration in such plants 
was very low and the leaves formed after inoculation contained little or no 
virus. Mosaic-resistant plants grown on the higher levels of nitrogen supply 
sho-wed no decrease in total nitrogen, and in some instances an actual increase 
was observed. The virus reached a higher concentration, and the leaves 
formed subsequent to inoculation escaped infection at a later stage ‘in the 
growth of the plants. It is apparent that the resistance of such plants to 
mosaic virus is modified to a limited extent by the level of nitrogen nutrition. 

The effect of mosaic virus on the total nitrogen content of susceptible and 
resistant strains of tobacco has a commercial significance because with the 
more important types of tobacco a low nitrogen content is very desirable. 

Evidence that viruses produce fundamental changes in the carbohydrates 
and enzymes of plants has accumulated from various sources (1, 5, 12). 
Dunlap (5) observed that, although mosaic virus caused an increase in the 
total nitrogen of tobacco, there was a marked decrease in carbohydrates. 
Eespiration was higher in young tobacco plants infected with mosaic, but in 
older plants the respiration was decreased. The effect of age on the activi- 
ties of various enzyme systems in mosaic-diseased tobacco may explain the 
increased oxidase activity observed by Guthrie (6) in mosaic-diseased 
tobacco leaves. Our results, derived from the total mosaic-diseased tissue 
from plants 23 days after inoculation, showed an actual decrease in oxidase 
activity as compared with healthy controls. We also observed decreases in 
the catalase, peroxidase, and chlorophyllase in the infected susceptible 
tobacco. The infected resistant tobacco showed a decrease in oxidase and 
catalase nearly equivalent to that observed in the infected susceptible variety, 
whereas the virus concentration in the resistant plants was only about 1 per 
cent that of the susceptible plants. This low concentration of virus was 
sufficient to produce a measurable disturbance in the metabolism of the 
plant, but it was not enough to induce visible signs of disorder. 

An outline of the interrelationship of viruses and environmental factors 
in the metabolism of plants has been discussed recently by Selmaii (14). 
He suggests that the primary effect of plant virus infection on the metabo- 
lism of the plant is an abnormal protein synthesis, and that the presence of 
the virus protein affects the permeability of the tissues, transpiration, and 
the carbohydrate metabolism. 



1942] 'Hills and McKinney: Effect of Virus 865 

The exact sequence of the changes induced as a result of virus infection 
cannot be determined from existing data, but from the writers’ (9) studies 
on the perennial pepper plant {Capsicum frutescens L.) it is reasonable to 
believe that the virus soon initiates reactions which result in one or more 
products that are destructive to many kinds of plants. In the ease of the 
perennial pepper inoculated with Nicotiana Virus 1 and cultured near 32° 
C., these products appear to move some distance from the sites of detectable 
virus, destroying the chlorophyll in mature leaves and occasionally inducing 
mosaic mottling in the young leaves. 

Mosaic mottling in tobacco may be caused directly by the products of a 
deranged metabolism that is induced directly by the virus. However, in 
mosaic-susceptible tobacco, such as Wisconsin-Havana Seed, active virus is 
very closely associated with the chlorotic areas. 

SUMMARY 

A study was made of the effect of common-mosaic virus on the nitrogen 
content of a mosaic-susceptible tobacco (Wisconsin-Havana Seed) and a 
mosaic-resistant tobacco (T.I. 448A). 

Virus infection caused a marked increase in the total-nitrogen content of 
susceptible tobacco grown under conditions of low, medium, and high nitro- 
gen nutrition. The resistant tobacco, when grown with a reduced nitrogen 
supply, showed a decrease in total nitrogen in the virus-infected plants, but 
when the plants were grown with a more adequate nitrogen supply, they 
showed no decrease in total-nitrogen content. 

Mosaic-diseased leaves of Wisconsin-Havana Seed tobacco contained 30 
per cent less chlorophyll and had a lower chlorophyllase activity than 
healthy leaves. There was no change in the chlorophyll or chlorophyllase 
of virus-infected leaves of tobacco T.I. 448A. 

The oxidase activity of both the resistant and susceptible strains of 
tobacco was decreased by mosaic virus, and, while the changes in the enzyme 
activities caused by virus infection were slightly less in the resistant than 
in the susceptible variety, it is evident that a very small amount of virus 
nucleoprotein was sufficient to produce measurable alterations in the metabo- 
lism of the mosaic-resistant tobacco. 
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SCLEKOSPORA MACROSPORA^' ^ 
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INTRODUCTION 

The genus Sclerospora has attracted increasing attention during recent 
years because of the destructive parasitism of its species on a number of 
important gramineous host plants. Although several species of the genus 
are know to attack members of the grass family, only two have been found 
in the United States. These are Sclerospora graminicola (Sacc.) Schroet. 
and S. macrospora Sacc. Both are worldwide in their distribution and both 
occur in temperate and tropical regions. Our present knowledge of these 
fungi, particularly the latter, is scanty, and additional information relative 
to the appearance of either of these fungi in new localities or on additional 
host plants is of considerable importance to agriculture. Accordingly, when 
S, macrospora was found for the first time in Mississippi and for the first 
time on oats in the United States, it seemed necessary to investigate its 
potential destructive activity and to appraise the possibility of it becoming 
a menace to the oat crop, now rapidly attaining a position of importance in 
the Delta area along the Mississippi River, where this infestation was found. 

The purpose of this paper is, therefore, to describe the symptoms of oat 
downy mildew, compare the causal organism with other species of the genus 
Sclerospora, and report results of preliminary studies on certain phases of 
its life cycle. 

THE DISEASE 

Distribution in Mississippi 

The disease was discovered in the spring of 1939 by the senior writer 
(12) on oat specimens collected by a grower and submitted for diagnosis. 
They were collected in the vicinity of Indianola, Sunflower County, Missis- 
sippi, in the Yazoo-Mississippi Delta. The plants were in an advance stage 
of development, and, a large part of the crop having already been harvested, 
no extensive survey for determining the extent of the trouble was possible 
for that year. A limited search, however, showed the mildew present in 
numerous fields in the immediate neighborhood of Indianola and Inverness. 
The infested fields were sown to locally grown seed, which indicated that 
the disease probably had been present for some years, or at least that it was 
not of recent introduction. A brief survey in the spring of 1940 revealed its 

1 Published with the approval of the Director of the Mississippi Agricultural Experi- 
ment Station. Paper No. 49. New Series. 

2 The writers wish to express their gratitude to Dr. W. H. Weston for his kind 
assistance, special laboratory facilities, and encouragement during the course of these 
investigations; special thanks are also extended to Dr. J. A. Pinckard for assistance with 
the manuscript. 

3 Deceased, May 10, 1941. 
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presence in the same fields in which it had occurred in 1939. In a few in- 
stances the fields had been resown to the same crop. The disease also was 
found to be of common occurrence in the adjacent counties of Washington, 
Sharkey, and Leflore. It was later found in oat fields at the Mississippi 
Agricultural Experiment Station, State College, indicating that the disease 
was not confined to the Delta region where it was first observed. The dis- 
ease seemed to be most severe in low fields that, at some time during the 
growing season, had passed through a period of flooding. In such areas it 
was not uncommon to find nearly all plants showing infection. In other 
fields, not subjected to flooding, affected plants were found distributed over 
the entire area, although not in epiphytotic proportions. 

Sclerospora macrospora was found in the spring of 1940 parasitizing a 
few volunteer wheat plants growing in an oat field near Leland. Although 
a number of wheat fields were carefully examined, this was the only instance 
in which the fungus was found in Mississippi on any host other than oats. 
It is possible, however, that a more extensive survey would reveal its pres- 
ence on other grain crops and on a number of wild grasses, such for example,. 
a.s Bromtis commtctatus Schrad. (cheat grass), commonly occurring in oat 
fields, and according to Weston (29), prevalent and generally infected in the 
vicinity of Tennessee and Kentucky wheatfields. 

Distribution in Other Countries 

Although the report (12) of the disease on oats in Mississippi constituted 
the first record of the occurrence of Sclerospora macrospora on that host 
in the United States, it had previously been recorded on oats from New 
South Wales (13, 14, 15), Italy (16, 17, 18, 19) and Prance (1). The fungus 
was reported in the United States in 1921 by Weston (29) on wheat and 
cheat grass in Kentucky and Tennessee, and was reported the same year by 
Mackie (10) on wheat in California. 

Sclerospora macrospora was first described by Saccardo (24) in 1890 on 
foxtail grass (Alopecitrus sp.) from Caronby, Australia. Noble (14) states 
that photographic records indicate that the disease was present on wheat 
in Queanbeyan, Australia, as early as 1891. Traverse (27), in 1924, re- 
ported that spikes of grain from the Cryptogamic Laboratory in Pavia 
showed that the disease had been present in Italy since 1873. The disease 
has been reported on wheat and oats from the United States (12, 29), Italy 
(16, 17, 18, 19, 22, 25, 26, 28), Prance (1, 2), and Australia (6) ; on rice from 
Italy (4, 5, 8), Japan (30), and Australia (15) • on corn from Italy (7, 9), 
and Australia (14) ; on barley from the United States (10), and Italy (25, 
28) ; and on rye from Australia (14, 15) and Bulgaria (3). In addition, 
it has been collected on various wild grasses from all the above-mentioned 
countries and from Germany (11). 

Pollowing is a list of host plants on which the fungus, Sclerospora macro- 
spora, is known to occur: Agropyron repens (L.) Beauv., Agrostis alia L., 
Alopecurtts sp. L., A. agrestis L., Avena fatua h., A. saliva L., Bromus com- 
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miitatis Behrsid.y Cypenis articulates h., Eragrostis major Host, Festuca 
elatior L., Glyceria maritima Weihlh., Holcus mollis L., Hordeum sativum 
Pers., Lollium perenne L., L. temulentum L., Orym sativa L., Panicum 
antidotale, Phalaris arundinacea L., P. canariensis L., P. coerulescens, 
Phragmitis communis Trin., Secale cereale L., Syntherisma sanguinale 
Dulac, Triticum sativum L., and Zea mays L, 

Symptoms on Oats 

Many of the affected plants had a tendency to be stiff and were character- 
ized by an upright leaf habit. Such plants showed no internodal shorten- 
ing ; the upright deformed heads frequently stood above the more drooping, 


Pig. 1. Oat heads deformed by Sclerospora macrospor.a, 

heavier panicles of unaffected plants. In some cases the uppermost leaves 
were curled and twisted about the poorly developed heads so that only small 
portions of the latter were visible (Fig. 1, A) . Some plants produced a 
rachis of normal length, although so curled and twisted that it appeared 
much shorter than usual. A rachis of this type usually produced a small 
cluster of sterile spikelets at its tip (Pig. 1, B). In other eases the rachis 
was very much shortened and reduced to a small compact cluster of frayed 
and tangled spikelets (Pig. 1, C). Some plants exhibited a very peculiar 
deformation of the fruiting panicle. The rachis was variously coiled or 
much elongated and produced only a few sterile structures resembling spike- 
lets. Instead of each spikelet bearing 2 seeds in close contact within the 
same glumes, there was a single seed-like structure that enveloped the 
rachilla. The latter, greatly enlarged and elongated beyond the tips of the 
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glumes, formed a node from which derived a second seed-like structure, very 
similar to the first, but lacking the enclosing glumes ; the lemmas constituted 
the outer covering (Pig. 1, D). In some cases the rachilla, continuing to 
elongate, formed additional nodes sometimes bearing leaf -like structures. 
In other cases additional sterile seed-like bodies evolved. The rachilla fre- 
quently was of normal length and diameter, but became twisted about the 
rachis, giving a compact, elongated, head-like appearance to the fruiting 
panicle (Pig. 1, B). 

In certain specimens of the type characterized by Pig. 1, D, the rachis 
was elongated as much as 4 or 5 inches between the sterile spikelets, or the 
sterile seed-like structures replacing them. The resulting panicle exhibited 
a scattered drooping aspect. Prequently the sterile seed-like structures 
were markedly elongate and somewhat curved. Occasionally, a single 
panicle showed all of these types of distortion; in other specimens only a 
single type occurred. In some specimens a single stool produced both nor- 
mal and diseased heads, though this was unusual. 

Many plahfs failed to develop heads and some apparently died early. 
The leaves of such plants were short, stiff, rather fleshy, and remained up- 
right instead of curling downward normally (Pig. 1, F-G) . On such plants 
the internodes usually were shortened and the tillers excessively numerous. 
Eeddish-brown streaks and small ruptured areas were abundant on such 
leaves from the bases to the tips. Such lesions were much less common on 
plants producing deformed heads. These dwarfed, bunchy, nonfruiting 
plants were found scattered among those of normal height. Prequently, a 
stool was found with a number of culms of normal height and variously dis- 
torted, These stools also produced many bunchy, leafy branches from the 
base, some of which attained a height of only 4 or 5 inches. 

Oospores were found in all diseased heads. They were closely invested 
with a heavy, persistent oogonial wall and were most abundant in the leaves, 
leaf -sheaths, rachis, rachilla, glumes, and other aboveground parts of the 
plants. 

The disease was easily diagnosed in the oat plant on reaching the heading 
stage. By holding an infected leaf between the eye and the sun, with the 
aid of a hand lens, the oospores appeared as bright, translucent golden dots. 
They were usually grouped in rows between the vascular bundles, or in the 
bundles themselves, and were sometimes found scattered uniformly through 
the mesophyll tissues between the veins. 

Symptoms on Wheat 

The disease has been observed on a few wheat plants found in an infested 
field of oats. These plants were heading, much distorted, and sterile. The 
rachis was frequently so elongated as to widely separate the spikelets, espe- 
cially toward the base, the head thereby losing its compact appearance. The 
rachis sometimes bent back on itself causing the head to form a circle or com- 
pact knot. The wheat found infected was bearded, the awns being much 
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curled and distorted. Sucli heads, therefore, were very conspicuous. 
Oospores were abundant in leaves, glumes, and awns. 

The Causal Organism 

The conidial stage of Sclerospora macrospora has not been found occur- 
ring in nature. The mycelium was intercellular and particularly abundant 
in the region of the vascular bundles, Haustoria, in the sense of those 
occurring commonly in the Peronosporaeeae, were apparently lacking. 
Knobbed or wart-like outgrowths, however, were frequently observed, espe- 
cially in the neighborhood of bast cells or pressing closely against the walls 
of nonpenetrated sieve tubes. From the accumulation of mycelium along 
the vascular bundles single strands were observed extending out between the 
cells of the parenchyma. Magnus (11) reported that B, kriegeriana (shown 
by Saccardo to be merely a synonym of S, macrospora) on Phalaris arundi- 
nacea L. produced hyphal branches that extended to the stomata where they 
gave rise to side outgrowths. These pushed out as short papillae. Magnus 
suggested that these outgrowths possibly represented rudimentary conidi- 
ophores, capable, under certain conditions, of developing further and becom- 
ing functional. These structures have not yet been observed on infected 
oat plants. 

Oogonia and antheridia developed abundantly on the hyphae that were 
parallel to the vascular bundles. The antheridia developed on side branches 
in the vicinity of the oogonia. It was evident, however, that the resting 
spore, as observed in infected oat plants, consisted of the mature oospore 
closely invested in the thick, persistent oogonial wall. This wall frequently 
showed remains of the oogonial stalk cell, and, in young resting spores, re- 
mains of the antheridium sometimes may be observed attached at some point 
on the side or apex. When fully mature the oogonia were quite distinctive. 
The oogonial wall was generally smooth, though sometimes, when removed 
from the host plant, it exhibited roughened areas caused by fragments of 
the host cells against which it was closely appressed and adherent. Some- 
times a portion of the outer oogonial wall exhibited knobs or projections 
which conformed closely to the outline of the pits in the walls of the bast 
fibers or phloem sieve tubes against which they were appressed. The pale- 
yellow oogonial wall usually very closely invested the single oospore, though 
narrow lumina frequently were observed between the two walls. Where 
there was a thickened place in the oogonial wall, as sometimes occurred, it 
seemed to be caused by a natural thickening ; probably induced by unequal 
pressure or irregularity in the intercellular space in which it was formed. 
It was not caused by an overlapping or folding, as was the ease for Bolero- 
spora graminicola {Pig. 2,^), 

The average thickness of the oogonial wall of 543 oospores from oats, 
wheat, corn, and barley was 4.2 p. When measured along the long diam- 
eter of the oospore, the average thickness of the wall was 4.4 p as compared 
with 4.1 p for the short diameter. The reason for this difference was caused 
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by the partial persistence of the old oogonial stalk cell. In a few cases the 
thickness at this point was as much as 10 p. 

The oospores varied in shape from spherical to oblong. The walls, 
always smooth, varied in thickness from 2 to 4 |i, and lacked the yellow color 
of the oogonial wall. The oospore contents were yellowish-gray and densely 
granular. Sometimes lighter areas occurred in which small oil-like droplets 
were observed. In Table 1 are presented measurements of oospores from a 


Fig. 2. A. Oospores of Sclerospora macrospora from Avena sativa L. ; a-c, collected 
at Iiidianola, Mississippi; b, oogonial wall removed; d-f, collected at Bologna, Italy; e, 
oogonial wall removed; g-i, collected in New South Wales, Australia; hj oogonial wall 
removed. B. Oospores of S. graminicola from Pennisetum typlioideum L. Eicli. collected 
at Poona, India; S, oogonial wall removed. Camera lucida drawings. x375. 

number of host plants from various localities. Only average diameters of 
oospores are considered significant, since observations have shown this to be 
the most constant factor. The enclosing oogonial wall was disregarded in 
all cases in making measurements, since its shape varied widely because of 
the variation in contour of the intercellular spaces in which the spores were 
formed. The number of measurements recorded varied for different collee- 
tioiis, ranging from 900 on cheat grass from Tennessee and Kentucky to 50 
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on a number of others in which only a limited amount of material was avail- 
able. Some of the measurements were made by the writers and some by 
W. H. Weston. 

Two collections from barley are presented in the table, one from Cali- 


TABLE 1. — Comparative diameter of the oospores of Sclerospora macrospora and 
S. graminicola collected hy various investigators in several localities 


. Host 

Locality 

Collector 

Number of 
oospores measured 

Average diameter 
of oospores 
ill microns 

Bange in microns 

Mode in microns 


Sclerospora macrospora 




Oats 

Mississippi 

L. E. Miles 

335 

55.6 

34.6-74.9 

54-56 

Oats 

Yaiieo, New 

South Wales 

B. J. Noble 

100 

58.6 

40.6-73.8 

54-56 

Oats 

Sydney, New 
South Wales 

B. J. Noble 

100 

61.8 

49.0-79.0 

56-58 

Wheat 

Kentucky and 
Tennessee 

W. H. Weston 

612 

62.5 

38.2-88.2 

62-64 

Wheat 

Delaware 

J. F. Adams 

168 

60.9 

50.9-78.0 

60-62 

Wheat 

Assencini, Italy 

Cavara 

50 

60.1 

45.0-72.0 

62-64 

Wheat 

Piemonte, Italy 


50 

65.6 

43.2-68.4 

54-56 

Wheat 

Sanioggia, Italy 

G. Goidanich 

50 

64.3 

52.2-77.4 

62-64 

Wheat 

Sardigna, Italy 

Briosi 

50 

58.6 

49.0-72.0 

54-58 

Wheat 

Bologna, Italy 

V. Peglion 

100 

53.6 

45.0-64.8 

54-56 

Wheat 

Padova, Italy 

Saccardo 

50 

62.9 

52.9-75.6 

62-64 

Barley 

California 

J. E. Coke 

100 

58.9 

47.0-71.2 

56-58 

Barley 

Bologna, Italy 

V. Peglion 

100 

63.0 

45.0-72.0 

62-64 

Corn 

Bologna, Italy 

V. Peglion 

100 

53.9 

36.0-69.4 

54-56 

Eiee 

Taki-no-saki, 

Japan 

G. Yamada 

100 

50.8 

35.0-64.0 

50-52 

Bice 

Morioka, J apan 

G. Yamada 

200 

47.9 

32.0-66.0 

50-54 

Arena fatua 

Parkes, New 
South Wales 

B, J. Noble 

175 

48.0 

31.0-60.0 

46-48 

! 

Bromiis 

Tennessee 

W. H. Weston 

900 

60.1 

32.0-84.0 

62-64 

commutatus 







Bragrostis 

major 

Condobolin, New 
vSouth Wales 

E. J. Noble 

50 

62.3 

56.1-72.7 

62-64 

Syntherisma 

sanguinale 

Morioka, Japan 

G. Yamada 

100 

44.9 

30.3-55.4 

44-46 


Sclerospora graminicola 




Bennisetum 







typhoideum 

Poona, India 

B. N. Uppal 

200 

1 30.4 

21.6-39.6 

'32-34 


fornia, collected by J. B. Coke, and one from Italy, collected by Vittorio 
Peglion. The Italian collection averaged larger both in average diameter 
and in mode than did the one from California. The total range, however, 
was very similar for both. 

Only one collection from corn was measured. This was made by Peglion 
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in Bologna, Italy. It is worthy of note that the measurements on this host 
were practically identical with those on wheat, collected in the same locality 
in the same year by the same collector. 

Two collections on rice from Japan, from two different localities, namely, 
Taki-no-saki and Morioka, were measured. These agreed quite closely but 
were smaller than the measurements from either oats, wheat, barley, or corn. 
Only one other collection of Sclerospora macrospora from Japan was avail- 
able, and it was on a grass, Syntherisma sanguinale, collected by G. Yamada, 
in Morioka, Japan, in 1911. The spores in this instance were even smaller 
than on rice, and were the smallest observed. The average diameter of the 
oospores was only 44.9 q, the range in diameter was from 30.3 to 55.4 n, 
and the mode was 44 to 46 p. 

A collection of oospores on Avena fatua, a wild oat, collected near Parkes, 
New South Wales, by E. J. Noble in 1926, was only slightly larger, being 
about midway between the one on 8yntherisma sanguinale and those of two 
collections on rice from Japan. It is interesting to note that a collection 
on Eragrostis major made at Condobolin, New South Wales, by E. J. 
Noble in 1936, had considerably larger spores, agreeing rather closely with 
the sizes of those on wheat and on cheat from Tennessee and Kentucky. 

A collection of Sclerospora graminicola on Penniseium typhoideim 
from Poona, India, collected by B. N. Uppal, in 1934, was measured 
and is presented in the table in order to show the much smaller spore sizes 
for the latter species as compared with S. macrospora. The average diam- 
eter of 200 spores of 8. graminicola was only 30.4 p, the range in diameter 
was from 21.6 to 39.6 p, and the mode was from 32 to 34 p. It will be noted 
that the average diameter of the oospore of this latter species was essentially 
the same as the diameter of the smallest oospore measured on Syntherisma 
sanguinale, which had the smallest spores of any collection of 8. macrospora 
measured. 

, The average diameter of 335 oospores from oats collected in Mississippi 
in 1939 and 1940 was 55.6 p, while 100 spores from a collection on the same 
host from Yanco, New South Wales, made by E. J. Noble, in 1924, averaged 
58.6 p and 100 spores from another oat collection from Sydney, Australia, 
averaged still larger, namely 61.8 p. The mode for the average diameter 
measurements for the collections from Mississippi and for the one from New 
South Wales, Australia, was 54-56 p, while that for the other collection from 
Australia was 2 p larger. 

The average diameter of 612 oospores from wheat from Tennessee and 
Kentucky, collected by W. H. Weston, was 62.5 p ; that of 168 oospores from 
wheat from Delaware, collected by J. F. Adams, was 60.9 p ; and the average 
diameter of 400 spores from 7 different collections from various points in 
Italy, made from different localities and in different years by different col- 
lectors, was 59.6 p. The mode for the Tennessee and Kentucky collections 
was from 62 to 64 p, while that from Italy was 58 to 61 p. 

These measurements tend to exhibit a very considerable degree of similar- 
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ity in spore sizes for all collections from tlie United States, Italy, and Aus- 
tralia, regardless of the host plant, except for the single eollection on Avena 
fatua from New South Wales. This seems to fall into another group com- 
posed of the specimens on rice and Syntherisma sanguinale from Japan. It 
is unfortunate in this case that no collections of the fungus on rice from 
Italy were available for measurement. Table 2 presents a tabulation of 


TABLE 2. — Tabulation of frequency distribution of oospore sise of Sclerospora 
macrospora on various host plants from several localities 


Eange in 
diameter of 
oospores in 
microns 

Oats 

Wheat 

Cheat 

Eice 

Synthe- 
risma 
sang id- 
nale 

Avena 

fatua 

New 

South 

Wales 

Mis- 

sis- 

sippi 

Ken- 
tucky 
& Ten- 
nessee 

Dela- 

ware 

Italy 

Ken- 
tucky 
& Ten- 
nessee 

Taki- 

no- 

saki, 

Japan 

Mori- 

oka, 

Japan 

Japan 

New 

South 

Wales 

100 

spores 

335 

spores 

612 

spores 

168 

spores 

355 

spores 

900 

spores 

100 

spores 

200 

spores 

100 

spores 

175 

spores 

30-31.9 









2 

1 

32-33.9 






2 


2 

2 

1 

34-35.9 


1 




1 

1 


5 

1 

36-37.9 


1 

2 





3 

2 

2 

38-39.9 


1 

1 



3 


2 

7 

8 

40-41.9 

1 

8 




6 

1 

4 

10 

11 

42-43,9 

2 

4 

3 


2 

8 

9 

8 

9 

12 

44-45.9 

3 

23 

. 8 


4 

6 

13 

14 

15a 

21 

46-47.9 

2 

13 

14 


10 

27 

16 

22 

13 

34a 

48-49.9 

4 

21 

14 


10 

42 

15 

29 

13 

27 

50-51.9 

7 

18 

16 

2 

22 

64 

18a 

37 a 

12 

23 

52-53.9 

4 

20 

30 

14 

18 

50 

12 

21 

8 

10 

54-55.9 

15a 

75a 

37 

18 

37 

52 

7 

15 

3 

8 

56-57.9 

8 

29 

42 

28 

36 

81 

4 

13 


5 

58-59.9 

10 

26 

62 

28 

41 

98 

1 

10 


4 

60-61.9 

10 

29 

64a 

30 a 

45 

103 

2 

2 


7 

62-63.9 

11 

33 

54 

17 

57a 

105a 

1 

6 



64-65.9 

6 

6 

59 

17 

26 

82 





66-67.9 

8 

10 

63 

6 

15 

55 





68-69.9 

3 

10 

46 

2 

15 

52 





70-71.9 

2 

4 

30 

3 

13 

39 





72-73.9 

4 

2 

21 


1 

25 





74-75.9 


1 

20 


2 

9 





76-77.9 



12 

1 

1 

5 





78-79.9 



5 



2 





80-81.9 



4 



4 





82-83.9 



2 



2 





84-85.9 



2 



1 





86-87.9 



2 









a Mode, or range within which the largest number of oospores were found. 


frequency distribution of oospore diameters for several of the above collec- 
tions and shows this grouping in a more graphic form. 

DISSEMINATION AND PERSISTENCE OF THE PARASITE 

Since a conidial stage has not been found, dissemination and persistence 
of the causal organism must occur most frequently through the resting 
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spores. There is a slight chance that the mycelium might reach the seed 
and lie dormant therein, although plants are usually so severely diseased as 
to produce no viable seeds. It seems improbable that wind is a very impor- 
tant factor in the dissemination of the oospores since, unlike Sclerospora 
graminicola, the invaded tissues are rarely shredded. It is possible that 
eroding soil, containing oospores, may be a means of distribution. 

There is little doubt that the fungus persists in the soil of infested fields 
through the agency of the oospore, invested and protected as it is by the 
thick, hard, persistent oogonial wall. The writers have not yet observed 
the germination of the oospore, and this has been the experience of most 
others who have worked with this fungus, or for that matter with other spe- 
cies of the genus Sclerospora, Both laboratory and field observations, how- 
ever, indicate that the oospores do undoubtedly germinate and bring about 
infection of the host plant. 

Pegiion (20, 21) reported germination of oospores of Sclerospora macro- 
spora in 1914, The germination occurred by means of a large macro- 
conidium produced on a short peduncle that issued through a split in the 
wall. The mature lemon-shape macroconidium bore a very prominent 
papilla and measured 75-80 x 55-60 p. The contents of the conidium be- 
came differentiated into zoospores, though in rare instances the conidium 
germinated by means of a germ tube. Peyronel (23) reported similar re- 
sults from a slightly different method. He observed germination of the 
oospores of S, macrospora by means of a conidium, or zoosporangium, and 
zoospores. This report is extremely interesting from a taxonomic as well as 
a practical viewpoint, since, if substantiated and confirmed as a general 
occurrence, it would necessitate removal of the species from the genus Sclero- 
spora or, at least, a revision or redescription of the genus, since the present 
accepted method of germination for all members of the genus is by means 
of a germ tube issuing directly from the oospore. 

Dissemination from one locality to another may occur through trash in 
the seed, conshsting of leaf and glume fragments or other oosporic-bearing 
material, and by wind and erosion. Centrifugal separation has disclosed 
free oospores and minute fragments of oospore-bearing materials in seed 
lots that, from casual inspection, would have been considered well-cleaned. 
Moreover, some of the seed-like structures that replace the grain in the in- 
fested plant may very readily, and probably do, become mixed with the seed 
grain and might carry either spores or dormant mycelium and thereby estab- 
lish an infestation in a new field. Further investigation is necessary to 
settle these points. 

There are also other questions that require further elucidation. It has 
become rather generally accepted that a period of flooding of the host is a 
necessary condition to its infection through the oospores of Sclerospora 
macrospora (29). The writers, likewise, have found that the disease 
in Mississippi is much more frequent on land that has undergone a 
period of flooding. It has, however, been observed in numerous high and 
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well-drained fields where flooding could scarcely have been possible. It is 
true that in such cases infected plants were evenly and sparsely scattered 
and that in such fields the disease did not occur in epiphytotic proportions. 
Coke (according to Mackie) stated (10) that the disease nearly destroyed a 
crop of barley in California in a region where rainfall was scanty and where 
at least one irrigation was necessary to bring the crop to proper maturity. 

DISCUSSION AND CONCLUSION 

At present the downy mildew of wheat and oats (Sclerospora macro- 
spora ) , as it occurs in Mississippi, is not of great economic importance. In 
isolated instances and restricted areas, however, where the fields are low- 
lying and subject to submergence, or where drainage is poor, the losses 
locally may be quite considerable. It is becoming a common practice in 
Mississippi to grow oats on the ‘"buck shot’’ (clay) type of land, especially 
in the Delta. Since cotton acreage reduction practices have come into gen- 
eral use, the smaller number of acres devoted to cotton are being selected 
from the more loamy types of soil, where conditions permit, since such soil 
can be more readily prepared for early planting, thereby leaving the heavier 
and w^etter areas for oats and similar crops. Such ‘ ‘buck shot^ ’ soil does not 
require complete submergence to become thoroughly saturated with water 
for considerable periods of time. The increasing tendency to utilize such 
practices may render more serious this disease of the oat crop, which is 
rapidly growing in importance in the particular area of the State in which 
the trouble occurs. With wider dispersal of the spores of the causative 
organism and with increasingly heavy soil infestation from repeated crop- 
ping with a susceptible crop, heavy and widespread losses may occur under 
certain seasonal conditions especially favorable to the pathogen. 

SUMMARY 

This report comprises the first record of Sclerospora macrospora (downy 
mildew) on oats in the United States and the first record of the disease in 
the State of Mississippi. 

Symptoms of the disease on oats are described and compared with symp- 
toms on wheat. Affected oat plants are characterized by stiff, curled, and 
fleshy leaves. The raehis is usually short and twisted and produces few 
spikelets, most of which are sterile. Many diseased plants fail to produce 
heads and apparently die early in the season. 

Spores are produced in all parts of the plant, except the roots, and are 
much more abundant in the leaves and glumes. 

The average diameter of 335 oospores from oats collected in Mississippi 
in 1939 and 1940 was 55.6 microns. 

Department OF Plant Pathology, 

Mississippi Agricultural Experiment Station, 

State College, Miss. ■ 
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A COMPAEISON OF DIPLODIA NATALENSIS FROM 
STAINED WOOD AND OTHER SOURCES 


A.F.Verrall 
(A ccepted for publication March. 2 , 1942) 

INTRODUCTIOKT 

One of the important staining fungi on logs and lumber in the Southern 
States has been referred to Diplodia natalensis Evans (1, 8). Morpho- 
logically similar fungi have been reported as pathogens on plants, including 
cotton (3), citrus (6), Honey Dew melon (10), and strawberry (5). 
Stevens (7) referred the citrus form, D. natalensis, and the cotton form, 
D. gossypina Cooke, to the same perfect stage Physalospora rhodina (Berk, 
and Curt.) Cooke, and stated that this fungus appears to have a wide 
distribution geographically and in its host relationships. Cross inoculations 
(2, 9, 10) have proved the wide range of pathogenicity of the pycnidial 
forms of P. rhodina from a large number of hosts. None of this inoculation 
work, however, was done with isolates from stained logs or lumber. 

Little fruiting of Diplodia natalensis was observed on stained lumber 
and logs from which this fungus was isolated, and, in an earlier paper (8), 
the author suggested that the inoculum of D. natalensis causing stain in 
logs and lumber largely came from other sources. To test this contention, 
isolates of D. natalensis, or similar fungi, were secured from cotton bolls, a 
tung root, a pear stem, and a citrus fruit, to compare with the isolates 
secured from stained wood as to certain cultural characteristics, spore size, 
wood-staining ability, and pathogenicity on orange fruits, cotton bolls, and 
the stems of tung seedlings. 

THE ISOLATES, THEIR CULTURAL CHARACTERISTICS 

In table 1 are listed pertinent data on the source of the isolates used, 
together with data on certain cultural characteristics. 

Although among the isolates there was considerable variation in general 
cultural appearance when grown on malt agar at room temperature (25°- 
30° C.), no constant differences between isolates from different host groups 
were evident. All grew rapidly, 15 to 20 mm. in radius per day, at room 
temperature. 

Each isolate was grown in duplicate on malt agar at about 37° C. (35.6°- 
38.9° C.), and all were found to grow at this temperature (Table 1). Rapid 
growth at temperatures above 35° C. was one of the characteristics pre- 
viously reported (8) for the wood-staining Diplodia natalensis. At this 
high temperature all the isolates, except 2 from wood (W 5 and 6), pro- 
duced a pink coloration in the mat and agar instead of the usual grayish- 
black shades produced at room temperatures. Pink chromogenesis of agar 
at 37° C. has been described for some forms of Physalospora rhodina (7, 9). 
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Spore measurements (Table 1) were each based on 20 exuded, bicellnlar, 
colored spores formed on malt agar at 25 to 30° C. Althongh there was 
considerable variation in average spore size, there was little indication of 
significant differences between isolates from wood and from other sources, 
and all fell well within the range for average spore size of different isolates 
listed b}^ others (7, 9). All the isolates were similar in having longitudinal 
striations in the cell walls of the dark, bicellnlar spores and in producing 
hyaline, unicellular spores preceding or in mixture with the 2-eell spores. 
The average spore size of the isolates from wood was somewhat larger than 
previously reported (8) for a larger number of isolates from wood. 


TABLE 1 . — The isolates of Diplodia used-source, type, growth rate, and spore ske 


Desig- 

nation 

Host from 
whicli isolated 

Locality and 
date of isolation 

Type of 
isolate 

Growth in 
24 liours 
at 37° C. 
in mm. 

Average 
spore size 
in microns 

Cl 

Cotton 

Louisiana 1939a 

Mass 

5.5 

26.3 X 14.0 

C2 

Cotton 

Mississipin 1938^ 

Monoeoiiidial 

7.0 

26.4 X 14.1 

03 

Cotton 

Alabama 1939^ 

Mass 

8.0 

25.3 X 12.2 

C4 

Cotton 

So. Carolina 1939t> 

Mass 

6.5 

26.0x12.8 

C5 

Cotton 

Virginia 1939^ 

Mass 

5.5 

25.1x12.6 

Cit 

Citrus 

Florida^ 

! 

7.0 

28.1 X 14.4 

P 

Pear 

Louisiana 1936^^ 

? 

4.0 

30.4 X 14.8 

T 

lung 

Louisiana 1936a 

? 

7.0 

24.2 X 12.7 

W1 

Pine log 

Louisiana 1937 

Monoconidial 

7.5 

26.5 X 13.4 

W2 

Pine lumber 

Louisiana 1937 

Monoeoiiidial 

7.0 

26.4 X 13.5 

W3 

Pine lumber 

Louisiana 1937 

Monoconidial 

8.5 

29.8 X 14.3 

W4 

Pine log 

Louisiana 1937 

Monoconidial 

7.0 

28.0x12.7 

W5 

Yel. poplar 
lumber 

Louisiana 1937 

Monoconidial 

4.0 

26.2 X 15.0 

W6 

Yel. poplar log 

Louisiana 1937 

Monoconidial 

7.0 

30.0 X 15.4 

W7 

Magnolia log 

Louisiana 1937 

Monoconidial 

7.0 

26.2 X 11.8 

W8 

Sweet-gum 

lumber 

Louisiana 1937 

Monoconidial 

2.5 

26.9 X 14.4 


a Secured from Louisiana State University. 

Secured from tlie South Carolina Agricultural Experiment Station, Olemson. 
c Secured from the Florida Agricultural Experiment Station, Citrus Ex|)erinient Sta- 
tion, Lake Alfred. 

Due to the difficulty of separating Physalospora rhodina,, the perfect stage 
ol Diplodia natalensisy from certain other species of Physalospora on the 
basis of the morphology of the pycnidial forms and host relationships (7, 9), 
it is not certain that all the isolates from stained wood, that have the general 
characteristics of D. natalensis, are in reality P. rhodina. No perfect stages 
of the isolates used in this study were observed in culture nor have any been 
observed on stained logs and lumber. For convenience, the wood-staining 
forms are called Diplodia natalensis but with the realization that if com- 
plete life histories were known some isolates might have perfect stages other 
than P. r/iodma. 

V^OOD-STAINING ABILITY 

To test their wood-staining ability, various isolates were grown on pine 
and sweet-gum wood. Discs of sapwood, approximately 2| inches in diam- 
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eter and i inch thick, were cut from the stems of small living* trees and 
after removal of the bark were immersed for 10 seconds in boiling water, 
and then placed in sterile Petri dishes. Three discs of each species of wood 
were inoculated with actively growing mycelium of each of 13 isolates and 
incubated at approximately 25° C. for two weeks. The isolates used and 
the results of the inoculations are listed in table 2. 

After an incubation period of two weeks, all the inoculated pine discs 
were completely stained and all the inoculated sweet-gum discs were stained 
in the outer portions, although the centers were still stain-free. The unin- 
oculated discs of sweet gum and pine remained bright and stain-free, except 
for chemical brown stain found under the surface of the sweet-gum wood. 
This chemical stain was distinct in color and distribution from the fungus 
stain of the inoculated wood. There was no discernible difference in color 
or extent of stain caused by isolates from stained wood and other sources. 

DECAY OP CITRUS FRUITS 

Diplodia natalensis has been reported as causing several citrus diseases, 
including an important fruit decay (6). All the isolates from cotton, citrus, 
tung, and pear and six from wnod (W 2, 3, 4, 5, 6, and 7) were tested for 
their ability to decay citrus fruit. 

Oranges, 2i to 3 inches in diameter and firm, were secured on the open 
market. The stem abscission scars were lightly flamed with alcohol and 
punctured with a sterile scalpel. A small block of mycelium bearing agar 
was placed over the scars, and the fruits were placed in an incubator at 
approximately 25° C. Two oranges were inoculated with each isolate and 
6 with sterile agar as controls. 

Five to 8 days after inoculation most of the oranges were soft and watery 
from decomposition of the white inner portions and the membranes between 
segments. The pathogen was reisolated from the center of each orange 
inoculated with isolates P, T, C 1, C 2, C 4, C 5, W 2, W 4, and W 5, and 
from 1 of 2 oranges inoculated wdth each of W 3, W 7, and Git. The 
second orange of these latter pairs, both inoculated with 0 3, and all con- 
trols, showed no decomposition and remained sterile. Since the inoculum 
blocks were not protected from drying, it seems probable that the few inocu- 
lations not resulting in infection were due largely to rapid drying of the 
inoculum blocks. In another series of inoculations with the isolates that 
had given some or no infection, the inoculated fruits were placed in closed 
glass containers for 8 hours prior to placing in the larger incubator pre- 
viously used. All of these inoculations gave positive results (Table 2). 

PATHOGENICITY ON COTTON BOLLS 

Diplodia gossypina is one of the fungi causing boll rot of cotton (3). 
As was pointed out in the introduction, this fungus is considered identical 
with D. natalensis. 

Bolls one inch or more in length and growing on plants in the open 
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were inoculated on several dates between June 15 and July 15, 1941. Inocu- 
lation was aceomplislied by cutting a small incision through the wall of 
the boll, inserting a small piece of mycelium grown on malt agar, and 
pressing the wound together. In the controls the incision was made but 
no inoculum was introduced. The isolates used, the number of bolls inocu- 
lated, and the number of bolls showing decomposition are given in table 2, 
Most of the inoculated bolls exhibited some decomposition in 2 to 5 
days. Usually the entire boll turned brown to black on the outside, and 
the interior was disintegrating rapidly 4 to 5 days after inoculation. Iso- 

TABLE 2, — Results obtained by inoculating sapwood discs, orange fruits, stubs and 
shoots of tung seedlings, and cotton bolls with various isolates of Diplodia natalensis 


Eatio : Number of inf eetions/Number of inoculations^ 


Isolate 

Stain of sapwood 
discs 

Decomposition of 
orange fruits 

Cankers on 
tung seedlings^ 

Cotton 

boll 

rot 

Sweet 

gum 

Pine 

Test 1 

Test 2 

Stub 

inocula- 

tions 

New-shoot 

inocula- 

tions 

Cl 

3/3 

3/3 

2/2 


0/2 

0/3 

5/5 

02 

3/3 

3/3 

2/2 


0/4 

0/3 

6/6 

C3 

3/3 

3/3 

0/2 

3/3a 



6/6 

04 

3/3 

3/3 

2/2 





05 

3/3 

3/3 

2/2 


0/3 

0/3 


Cit 

3/3 

3/3 

1/2 

2/2 

0/5 

0/4 

7/8 

P 

3/3 

3/3 

2/2 


0/6 

0/6 

5/5 

T 

3/3 

3/3 

2/2 


0/5 

0/3 

6/7 

W1 

3/3 

3/3 



0/4 

0/3 

5/5 

•W2 

3/3 

3/3 

2/2 




5/5 

W3 



1/2 

2/2 

0/3 

0/4 

5/5 

W4 



2/2 





W5 

3/3 

3/3 

2/2 


1/4 

0/4 

5/5 

W"6 

3/3 

3/3 

2/2 

2/2 




W7 

3/3 

3/3 

1/2 

2/2 




W8 





0/4 

0/3 

5/5 

Checks 

0/8C 

0/6 

0/6 

0/2 

0/4 

0/5 

0/12 


a The numerator indicates the number of infections and the denominator the total 
number of inoculations. 

^ D, natalensis persisted as a saprophyte on the dead stubs beyond the uppermost bud 
and at points of inoculation on new shoots where temporary cankers were calloused-off. 

c Chemical brown stain occurred in both inoculated and noninoculated sweet gum 
discs. This was distinct from the fungus stain in the inoculated discs. 

lates W 8, P, T, and Cit, however, caused little digcoloratioii or decom- 
position of the boll wall when inoculated into larger bolls, even when 
decomposition of the interior was advanced. Pour to 5 days after inocula- 
tion the pathogen was reisolated from the interior of each inoculated boll, 
except from 1 boll inoculated with Cit and 1 with T. In these cases very 
little decomposition occurred and only bacteria were reisolated. Although 
each isolate used caused almost complete disintegration of at least one 
inoculated boll, the isolates from cotton and isolates W 1 and W 2 dis- 
tinctly caused more rapid decomposition than did the rest. None of the 
controls developed black-boll rot symptoms, although a slight browning and 
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softening occurred at the incision point. Bacteria were isolated from the 
browned tissue. 

PATHOGENICITY ON TUNG TREES 

Biplodia natalensis has been reported as a pathogen on tung (4, p. 224; 
9), although it is apparently of little importance on this host. 

One hundred seedlings/ 9 months old and with the tops removed 6 
to 8 inches above ground, were transplanted during the dormant season. 
One-half of these were lightly fertilized with a complete fertilizer (4-8-4). 
At the start of shoot growth 40 trees were inoculated on the stub above 
the sprouts by placing mycelium-bearing agar into an incision through 
the bark. The isolates used and the number of plants inoculated with each 
are listed in table 2. Sterile agar was applied on 4 as cheeks. The wounds 
were wrapped with wax paper, which was removed a week later. After the 
sprouts were approximately 0.5 inch in diameter, similar inoculations were 
made into the shoot growth on 36 remaining plants, with sterile agar on 

5 as cheeks. 

With the stub inoculations, Diplodia natalensis spread down to the region 
of the sprout, fruiting copiously in the bark, but there was no indication 
(7 months after inoculation) that it could spread into the sprout or below 
the sprout in the stub except in one instance in which a weak plant was 
killed back to the ground line (W 5). A vigorous root sprout was formed 

6 weeks after the inoculation had been made. The checks likewise died back 
to the sprouts, but more slowly than did the inoculated plants. 

In the sprout-inoculated series the incision on the 5 checks healed com- 
pletely in 2 weeks, while black cankers formed at all incisions into which 
Diplodia natalensis had been inoculated. One month after inoculation 
strong callous growth had formed at the margins of all cankers preventing 
further spread of the fungus. Five months after inoculation all inoculated 
shoots were making vigorous growth and the cankers were almost healed 
over. Apparently the isolates used, including that originally from tung, 
are but slightly pathogenic on tung shoots, 

SUMMARY AND CONCLUSIONS 

Certain comparisons were made among isolates of Diplodia natalensis 
secured from stained lumber or logs and the same or similar Diplodia species 
from cotton, citrus, pear, and tung plants. 

There was considerable variation among the isolates used in rate of 
growth at 37° C., spore size, and general cultural appearance. However, 
in no cultural characteristic studied did the isolates from stained lumber 
or logs differ materially from isolates from other sources. 

All of 13 isolates tested on pine and sweet gum sapw^ood proved to be 
vigorous Stainers of these species. 

The 14 isolates tested on citrus fruit caused rapid decay. All of the 
11 isolates tested on cotton caused black boll rot. None of the 10 isolates 

1 Eurnislied "by the U. S. Meld Laboratory for Tung Investigations, Bogalusa, La. 
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inoculated into small tiing trees was sufficiently pathogenic to cause more 
than small temporary cankers that soon calloused over. 

From these studies it seems that the Diplodia natalensis causing stain 
in lumber and logs is, at least from a practical point of view, the same 
fungus as the isolates secured from several plants. Little fruiting of 
D, natalensis has been observed on stained logs and lumber from which this 
fungus was isolated. Because of the similarities among isolates of this 
fungus from stained wood and other sources, it seems probable that some of 
the inoculum inducing wood stain in logs and lumber is derived from spores 
produced on such plants as cotton. 

Division of Forest Pathology, Bureau of Plant Industry, 

United States Department op Agriculture, 

In cooperation with the Southern Forest Experiment Station, 

New Orleans, La. 
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THE INFLUENCE OF VITAMIN Bi ON THE DEVELOPMENT OF 
CANTALOUPE POWDERY MILDEW 

DeanE.Pryok^ 

(Accepted for publication Marcli 3^ 1942) 

INTRODUCTION 

Within the last 6 years the effect of Yitamin Bi (thiamin hydrochloride) 
on pilants in their entirety and on different plant organs has been studied 
considerably. Robbins and Kavanagh (9) point out that there haYe been 
conflicting reports regarding the vitamin Bx stimulation of flowering ])]antSy 
but that many other organisms have been shown to be heterotropliiCj auto- 
trophic, or intermediate with regard to their thiamin requirements. Since 
these investigators have summarized most of the important literature to 
date, only papers pertinent to the present investigation will be mentioned. 
Henryk found the vitamin Bi concentration higher in crown-gall tissue than 
in stem tissue. This increase was evident shortly after inoculation and 
before macroscopic galls appeared. Stem tips, however, contained more 
thiamin than did the galls. When plants were grown at temperatures above 
the maximum for gall development, the vitamin Bi content was about the 
same as that in plants grown at temperatures that permitted galls to appear, 
indicating no deficiency of vitamin Bi at the higher temperatures. He con- 
cluded that this vitamin does not influence crown-gall development more 
than any necessary food or growth factor. 

There seems to be no published information concerning the influence of 
thiamin on the host-parasite complex. The present paper summarizes results 
of an investigation on the development of race 2 of cantaloupe powdery 
mildew (Erysiphe cichoraceariim DC.) as affected by thiamin. An abstract 
of preliminary results has already been published (8). 

METHODS AND MATERIALS 

Two strains of melons were employed in this study, Powdery Mildew 
Resistant Cantaloupe No. 45, the common commercial melon of the Imperial 
Valley, resistant to race 1 of the fungus (5) but susceptible to race 2 (6), and 
strain 28949, a line completely resistant to race 1 but characterized by 
necrotic spotting when artificially inoculated with race 2. Maeroscopically 
visible mycelium has never been noticed on plants of the latter strain, either 
in the greenhouse or in the field. Under the conditions of the present ex- 
periments strain 28949 seemed somewhat less vigorous than No. 45. Here- 

1 Associate Pathologist, Bivision of Fruit and Vegetable Crops and Disoavses, P>ureau 
of Plant Industry, U. S. Department of Agriculture. The author wishes to thank Dr. V. K. 
Boswell of the Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Indus- 
try, IT. S. Department of Agriculture, for helpful advice on the statistical phases of this 
study. 

2 Henry, Berch W. The relation of vitamin Bx to crown-gall development. TJnpub. 
Ph.D. thesis deposited in library of Univ. of Wis., Madison, Wis. 1941. 
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after, these two strains of cantaloupe may be referred to as the susceptible 
variety (No. 45), and the resistant variety (strain 28949). 

The stock culture of Erysiphe cichoracearum used in these tests was 
obtained from No. 45 plants naturally infected in the Imperial Yalley and 
was, therefore, probably composed entirely of race 2. The fungus was main- 
tained on convenient susceptible plants and occasionally was reinoculated 
on No. 45 to make certain its pathogenicity had not changed. Since stock 
plants were susceptible to both mildew races, it is possible that race 1 may 
have been carried along as a contaminant. No differential hosts have been 
discovered that are susceptible to race 1 but not to race 2 ; consequently, it is 
difficult to recover race 1 from a mixture of the two. Yariance analyses (10) 
were performed on all experimental data. 

Soil Experiments 

Effect of Thiamin on Disease Development. These experiments were 
carried out in a greenhouse maintained at a night temperature of about 65° 
P. and a maximum day temperature generally of 80° to 85° P. but occa- 
sionally going as high as 90° or 95° P. Cantaloupe seeds were sown directly 
in 6 in. pots, and, when cotyledons appeared, the plants were thinned to 5 per 
pot. Two pots receiving the same treatment were placed side by side and 
replicated 3 times. Applications of thiamin at the rate of 200 cc. per pot in 
concentrations of 0.00, 0.01, 0.10, 1.00, and 10.00 p.p.m. were made twice 
weekly, starting immediately after thinning. Thus in one planting there 
were 150 plants of each variety. The solutions were made up in tap 
water not more than an hour before they were used. Supplementary irriga- 
tion with tap water was given when required. During the 4 to 6 w^eeks that 
elapsed from the time seed was planted until disease notes were taken, 5 to 7 
applications of thiamin were made. 

As soon as the first true leaves of resistant plants unfolded, they were 
placed in a glass-sash chamber, accommodating 40 6-in. pots. The plants 
were then inoculated by blowing conidia from heavily infected leaves into 
the chamber and allowing them to settle. Blowing the spores from the 
leaves seemed to result in less clumping and a more uniform distribution of 
the conidia than did transferring by contact or dusting. The plants were 
inoculated in the morning and removed to the greenhouse the following 
morning. Kepeated tests of a full chamber of susceptible plants proved the 
method to be satisfactory in obtaining a uniform, severe infection of the 
upper leaf surfaces. The following disease index was employed for the resis- 
tant variety : Necrosis or collapse of 0 to 20 per cent of the first true leaf was 
rated as 0 ; 21 to 40 per cent as 1 ; 41 to 60 per cent as 2 ; 61 to 80 per cent as 
3 ; 81 to 100 per cent as 4. Except for one experiment the susceptible variety 
No. 45 was exposed only to greenhouse infection, and colonies were counted 
just before they fused together to become indistinguishable. This procedure 
was followed because it was found that artificial inoculation of this variety 
produced such severe disease effects that it wns impossible to make colony 
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counts. Since tlie disease appeared in maximum degree more quickly on 
plants of tlie susceptible variety notes were taken on them sooner than on 
those of the resistant strain. 

Ejfect of TJiiamin on Growth. Immediately after disease notes were 
taken on the resistant variety, measurements of height and green iveight of 
tops of both lines were made. This was done usually in the morning and 
always soon after the pots were watered. Measurements were never made 
when any of the plants showed signs of wilting. 

Since it is practically impossible to maintain susceptible plants free from 
mildew in a greenhouse used for mildew tests, disease-free melons were 
grown in another greenhouse. The only one available was unheated and had 
a night temperature of 50° to 60° P. and day temperatures similar to those 
of the heated house. Except for the plants being free from disease and 
growing under a slightly different environment, the experiments with 
mildew-free plants were duplicates of the inoculated series in the heated 
house. Growth measurements were made at approximately the same stage 
of plant development as for the inoculated series. 

Dish Experiments 

Thiamin Added to Sucrose Solution upon which Inoculated Excised. 
Leaves Were Maintained- Mildew-free plants of both the resistant and sus- 
ceptible cantaloupe varieties were growm in the unheated greenhouse de- 
scribed above. When 2 to 3 leaves were present, the first and second leaves 
of approximately uniform size were excised, inoculated by brushing dry 
spores over the surface, and placed in Petri dishes to which 15 cc. of a sucrose 
solution and various amounts of thiamin were added. The sugar solution 
was composed of 100 g. of sucrose per liter of distilled water. Thiamin solu- 
tions were made up in such concentrations that a maximum of 1 cc. was 
required per dish to supply amounts of 1, 10, 100, or 1000 gamma. The 
dishes were incubated at room temperature. When the first macroscopic 
sign of mycelium appeared, the colonies were measured to the nearest milli- 
meter and measurements were continued every day until 1 leaf in the series 
was completely covered with mycelium. There were 10 leaves of each canta- 
loupe variety for each concentration of thiamin and for the control, making 
50 leaves for each strain in each experiment. The treatments were random- 
ized and replicated and the resulting data subjected to statistical analysis. 

Thiamin Added to Soil Supporting Mildew-free Plants from which 
Leaves Were Excised^ Inoculated^ and Maintained on a Sucrose Soluiio}L 
First and second leaves from mildew-free plants as described in the section 
on effect of thiamin on growth were excised after growth nieasurements were 
taken. They w^'ere then inoculated by the brush method and placed in Petri 
dishes to which had been added 15 cc. of the sucrose solution described above. 
Colonies were measured as in the ease of the previously mentioned dish cul- 
tures. These leaves thus received no external source of thiamin after being 
excised from the thiamin-treated plants. ^ ^ ^ ^ ^ 
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EXPERIMENTAL RESULTS 

Soil Experiments 

Effect of Thiamin on Disease Development. The severity on the suscepti- 
ble variety and on the resistant strain at about the stage when disease notes 
were taken is shown in figure 1. Table 1 expresses the means of 4 experi- 
ments with 30 susceptible and 30 resistant plants for each of the 5 treat- 
ments in each experiment. With the susceptible variety soil applications of 
thiamin solution at concentrations of 0.01 and 1.00 p.p.ni. significantly 


Pig. 1. Powdery mildew on cantaloupe leaves at about the stage when disease notes 
were taken. A. Leaves of the susceptible variety showing mildew colonies. B. Leaves 
of the resistant strain illustrating necrosis. 


increased mildew growth over the control, but the diiSerence between the 4 
amounts of thiamin were not statistically significant. The mildew increase 
caused by 0.10 p.p.m. is barely under the value required for significance at 
the 5 per cent level. The numbers of colonies on the treated plants ranged 
from 1.3 to 1.5 times the control. With the resistant melon strain the results 
of the thiamin treatments were more striking, the amount of disease being 
increased 2.1 to 2.8 times for the several concentrations used, and all of these 
differences were significantly greater than the control. There were, how- 
ever, no statistically significant differences between concentrations. 
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TABLE 1. — Powdery-mildew development on cantaloupe plants grown in soil to 
which vario us concent rations of thiamin solution loere added 


Melon 

variety 

1 

To tala 
number 
of 

plants 

Soil Avatered with thiamin solution at 
concentration of 

Least 
signif. 
mean ; 
diff . at 
5% level 

Least 
signif. 
mean 
difi. at 
1% level 

0.00 

p.p.m. 

0.01 

p.p.m. 

0.10 

p.p.m. 

1.00 
p.p.m. 1 

10.00 

p.p.m. 

Susc. 

Ees. 

600 

600 

28.98b 

0.72c 

39.65 

1.53 

38.95 1 
1.58 1 

43.55 

2.01 

37.34 

1.58 

9.98 

0.77 

13.11 

1.02 


a Four experiments with 30 suscejitible and 30 resistant i:)lants for each of the 5 treat- 
ments in each experiment. 

b Mean number of colonies eounted on first true leaf of the susceptible No. 45 Tariety. 
e Mean disease index based on condition of the first true leaf of resistant strain No. 
28949 : 0 = necrosis of up to 20% of the leaf blade ; 1 = 21 to 40% ; 2 = 41 to 60% j 3 = 61 
to 80% ; and 4 = 81 to 100% necrosis. 

TABLE 2. — Optimum concentration of thiamin for powdery-'inildetv development on 
susceptihle and resistant cafitaloupe plants in different experiments and different hloclcs in 
these experiments, based on averages for each concentration of soUiiion applied to fhe 
soil 


Melon variety 

Experiment 

numbera 

Optimumb 
concentration 
for entire expt. 

Block 

Optimumb 
concentration 
for block shoAvn 



p.p.m- 


p.p.m. 




A 

0.00 


I 

1.00 

B 

1.00 




C 

0.01 




A 

0.10 


II 

0.10 

B 

0.10 




G 

0.01 

Suse.c 



A 

0.01 


III 

1.00 ! 

B 

0.10 




C 

0,01 




A 

1.00 


IT 

1.00 

B 

1.00 




C 

1.00 




A 

0.01 


I 

1.00 

B 

1.00 




C 

1.00 




A 

1.00 


II 

0.10 

B 

0.00 




C' 

0.10 

Kes.<J 



A 

1.00 


III 

1.00 

' B 

1.00 




G 

0.10 




A 

1.00 


IT 

sXM 

B 

10.00 




'G 

10.00 


a Even though experiments with susceptible and resistant varieties have the same 
Eoman numeral designation, it is not to be construed that they were performed at the 
same time. 

b Ooncentration resulting in greatest average development of powdery mildew. 

« Oantaloupe No. 45 susceptible to race 2 of the pathogen. 

Cantaloupe strain No. 28949 resistant to race 2 of the fungus. 
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These averages, however, do not tell the whole story. As would be ex- 
pected, the amount of disease on individual plants varied considerably, 
especially with the susceptible variety, which was infected by natural means 
in the greenhouse. This variation extended not only to blocks but to experi- 
ments. Prom table 1 it is apparent that 1.00 p.p.m. of thiamin tended to be 
the most favorable concentration for mildew development on both the resis- 
tant and the susceptible varieties. Table 2 shows the indicated optimum for 
the different experiments and blocks which contributed the data summarized 
in table 1. In experiment III with the susceptible melon variety, the opti- 
mum concentrations for blocks were 0.01, 0.10, and 0.01 p.p.m., respectively, 
whereas the optimum concentration for the experiment was 1.00 p.p.m. 
This apparent discrepancy resulted from the fact that the 0.10 p.p.m. con- 
centration in Blocks A and C and the 0.01 p.p.m. gbneentration in Block B 


TABLE 3. — The average green weight and height of tops from diseased and healthy 
cantaloupe plants grown m soU watered ivith solutions of thiamm 


Plant con- 
dition 

Growth 

measure- 

ment 

Melona 

variety 

Total 
no. of 
plants 

Soil watered with thianiiii solution 
at concentration of 

^ 0.00 

p.p.m. 

0.01 

p.p.m. 

0.10 

p.p.m. 

1.00 

p.p.m. 

10.00 

p.p.m. 

Diseased 

Weight 

ing. 

Susc.i5 

Siisc.c 

Ees.c 

300 

150 

450 

3.32 

1.24 

2.30 

3.99 

1.32 

1.93 

3.01 

0.98 

2.40 

3.46 

0.85 

2.65 

3.22 

0.85 

2.10 

Height 
in cm. 

Susc.b 

SuSC.e 

Ees.c 

300 

150 

450 

14.16 
9.68 ^ 
12.10 

14.89 

9.52 

10.95 

13.56 

9.36 

12.35 

14.10 

8.78 

12.90 

14.00 

8.31 

11.39 

Healtby 

Weight 
in g. 

Susc. 

Ees. 

450 

450 

3.28 

2.26 

2.94 

2.77 

2.92 

2I9 

3.27 

2.43 

3.25 

2.52 

Height 
in cm. 

Susc. 

Ees. 

450 

450 

12.06 

10.01 

11.22 

11.20 

11.08 

9.79 

12.06 

10.80 

11.72 

10.80 


a Susc. = Cantaloupe No. 45 susceptible to race 2 of the fungus. 

Ees. = Cantaloupe strain No. 28949 resistant to race 2 of the pathogen, 
b Exposed onlj to natural spread of powdery mildew in the greenhouse, 
c Artificially inoculated with powdery mildew. 

caused less mildew development than the control, while the 1.00 p.p.m. con- 
centration in Blocks A and B considerably increased the disease over the 
control, thus bringing the mean of this last concentration for all blocks above 
that of the other concentrations. 

The deviation was so great that a few experiments analyzed separately 
showed no statistically significant stimulation. Nevertheless, when all of the 
experiments were combined and analyzed, the general effect of treatment 
was found to be significant. Since these particular experiments were in 
progress from January to June, it is not surprising that a given type experi- 
ment or block in that experiment exhibits different optima when performed 
at different times of the year under ordinary greenhouse conditions. 

Effect of Thiamin on Growth. There was considerable variation in 
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height and weight of plants within treatments, blocks, and experiments. 
Table 3 shows the means of these values for treatments in all the experi- 
ments. While it appears that in most comparisons certain treatments were 
different from the control, none was significant 'when the ^ treatment’' vari- 
ance was compared with ^‘treatment x experiment’^ variance as error. This 
w^as true whether treatment variances were determined as a whole or by 
single degrees of freedom. Individual experiments also were analyzed sta- 
tistically, and in all but two there w^ere no significant growth variations. 
In one experiment with mildewy-free plants of the resistant variety, the green 
w^eight of plants treated with 0.01 p.p.m. concentration of thiamin w^as sig- 
nificantly greater than that of similar plants treated wdth 1.00 or 10.00 p.p.m. 
concentrations, but none of the thiamin-treated plants differed significantly 
from the control. In one trial wdth inoculated plants of the resistant 
variety, all of the plants treated AYith thiamin had significantly longer green 
wnight than the control. 

On a percentage basis, the growdh increases wyere much smaller than those 
reported by Bonner and Greene (2, 3), but are not materially ditferent from 
those reported by other workers (9). Robbins and Kavanagh (9) sum- 
marize the situation by saying ^ ‘ It appears that applications of thiamin to 
intact higher plants is without benefit or the conditions under which it is 
beneficial are ill-defined. ’ ’ 

Dish Experiments 

In contrast to the greenhouse trials, there sometimes appeared in the dish 
cultures a small amount of mycelium on leaves of the resistant strain, but, 
because of complicating factors, the results on this strain are not included. 
Areas of discoloration soon appeared in the resistant leaves, but it w^as diffi- 
cult to distinguish wyhether the necrotic spots wyere caused by powdery 
mildew, senescence, or contaminating organisms. No necrosis similar to 
that appearing in the greenhouse wyas observed. 

Thiamin Added to Sucrose SoUdion upon which Inoculated Leaves Were 
Maintained. Table 4 gives the results from 3 experiments wdth leaves of the 


TABLE 4. — Average area of pmodery-mildew mycelium paraeiiti.?rng e.rcimul .susce])- 
tible leaves maintained on a sucrose solution to which various amounts of thiamin iV(‘re 
added 


Bays 

from 

Total 

number 

Quantity of thiamin in 15 ce. of s 
solution 

ucrose 

Least 
sign if. 
mean 

Jjoast 

siguif, 

mean 

iiioeiila- 
tion 1 

of 

leaves^ 

gamma 

0 

gamma 

1 

gamma 

10 

gamma 

100 

gamma 

1000 

ditf . at 

5% 

level 

(lift, at 

1% 

level 

2 

150 ^ 

area in 
sq. mm. 
0.53 ^ 

area in 
sq. mm. 
6.37 

area in 
sq.mm. 
15.83 

area in 
sq. mm. 

1.83 

area in | 
sq. mm. 

4.23 

17.2 

23.2 

3 

150 

33.37 

59.07 j 

47.53 

27.70 

50.60 

46.5 

61.6 

4 

150 

166.4 

189.9 

155.3 

89.4 

150.2 

126.0 

167.0 

5 

150 

459.6 

516.3 

1 

453.5 

267.7 

358.0 

199.0 

264.0 


a Ten leaves per treatment in each of 3 experiments. 
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susceptible variety. Although treatments appear to liave produced some 
large differences at 2 days in the means for the total of 3 tests, they are not 
significant. At 3 and 4 days all lots were quite similar. There was a barely 
significant difference between 1 and 100 gamma at 5 days, but neither of 
these values differed significantly from the control or any other concentra- 
tion. Here again, behavior among experiments was highly variable. In the 
first test, 2 days after inoculation, 10 gamma produced enormously larger 
growth than any other treatment by significant odds. In the third test this 
treatment was exceeded by 1 gamma and in the second test 1 gamma showed 
no growth at 2 days. Such erratic results indicate the need for more refined 
and dependable methods for studying the effects of thiamin by this approach. 
The amount of vitamin Bx in the leaves at the time they are excised may also 
contribute considerably to the variability. While it appears that thiamin 
added to the solution upon which leaves are maintained may stimulate 
growth of mildew colonies, the evidence is not conclusive. 


TABLE 5. — Average area of powdery ^mildew mycelium on excised leaves from siis- 
ceptihle cantaloupe plants grown in soil that had heen watered with various concentrations 
of thiamin solution 


Bays 

from 

inocula- 

tion 

Total 

number 

of 

leaves^ 

Soil watered witli tliiamin solution at 
concentration of 

Least 
signif. 
mean 
diif . at 
5% 
level 

Least 
signif. 
mean 
diff . at 

1% 

level 

0.00 

p.p.m 

0.01 

p.p.m 

0.10 

p.p.m 

1.00 

p.p.m 

10.00 

p.j).m 



area in 

area in 

area in 

area in 

area in 





sq. mm. 

sq. mm. 

sq. mm. 

sq. mm. 

sq. mm. 



3_4a 

100 

3.30 

12.30 

8.65 

9.00 

7.20 

8.54 

11.6 

4-5 

100 

49.5 

115.2 

55.2 

65.3 

60.9 

78.4 

105.0 

5-6 

100 

142.0 

308.3 

195.4 

228.9 

161.5 

97.8 

131.0 

6-7 

100 

340.5 

556.0 

468.3 

453.8 

365.1 

168.0 

226.0 


a Eirst measui'emeiits taken on tlie day mycelium became macroscopically visible, tlie 
incubation period requiring 3 days in some experiments and 4 days in others, 
b Ten leaves per treatment in each of 2 experiments. 


Thiamin Added to Soil Supporting Plants from which Leaves Were 
Excised, Inoculated, and Maintained on a Steer ose Solution, During 3 to 7 
days after inoculation 3 out of the 4 observations showed a significant in- 
crease in mildew growth on leaves from plants watered with 0.01 p.p.m. 
thiamin solution as compared with that on the control plants (Table 5). No 
other treatment gave results significantly different from the control at any 
time after inoculation, but the 0.01 p.p.m. treatment resulted in significantly 
greater mildew growth than some of the other concentrations at 5 to 6 and 
at 6 to 7 days. It thus appears that a low concentration (0.01 p.p.m.) of 
thiamin solution tends to stimulate mildew growth under the conditions 
described. Although only 2 tests were involved, the results may be accepted 
with some assurance since more elaborate tests with infected plants growing 
in treated soil have shown that 0.01 p.p.m. significantly increased mildew. 
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DISCUSSION 

Eeceiitly a dust containing vitamin Bi was recommended for the control 
of cantaloupe powdery mildew in commercial melon fields, the assumption 
being that the supposedly more vigorous plants resulting from this treat- 
ment are resistant to mildew. A preliminary report ( 8 ) pointed out that 
thiamin could not be used effectively for this purpose and that in some cases 
it actually seemed to stimulate fungus growth. The present work shows 
that there was a statistically significant increase in parasitic activity due to 
thiamin, although the conditions under which it occurred were somewhat 
different from those indicated in the earlier work. 

Obligate plant parasites in general seem to develop best when their host 
is growing most vigorously (13). There is, however, some indication that 
wheat mildew may be very active, even though the host be not in the best 
vegetative condition (11). In only one experiment with cantaloupe mildew 
did thiamin significantly affect growth of parasitized plants. In this case the 
green weight of thiamin-treated plants of the resistant variety \vas decreased 
and mildew was increased by significant odds. The lump analysis of all soil- 
treatment experiments shows that the growth of Erysiphe cichoraceartim 
on the plants was increased significantly, while their height and green %¥eight 
were unaffected by such use of thiamin. For a longer growth period the 
greater amount of mildew might have been accompanied by depressed growth 
of the host. 

Since Erysiphe cichoracearum has not been cultured in the absence of the 
living host, the effect of nutrients or hormones on mycelial development are, 
at present, best studied by indirect methods. Results from an investigation 
employing such a technique can be accepted only with certain qualifications. 
Some of the difficulties have been enumerated in connection with studies of 
another fungus parasite {Plasmocliophora hrassicae Wor.), which likewise 
has not been grown m 'riff 0 (7). 

Although thiamin, when supplied to the host plant, tended to promote 
powdery-mildew development, it is not possible from the present data to be 
sure that thiamin as such directly stimulated growth of the fungus. Indirect 
evidence from other lines of work, however, gives some indication that thia- 
min itself may cause increased parasitic activity. Burkholder and MeVeigli 
(4) found that the vitamin Bi content of maize leaves varied directly with 
the nitrogen supply but, inversely, with the phosphorus in the nutrient solu- 
tion. Turner (12) found that barley and corn, high in nitrogen, were 
readily attacked by mildew. Wheat inoculated with powdery mildew 
{Erysiphe graminis DG.) and supplied with various molecular proportions 
of salts was found to be most susuceptible when growing in a solution con- 
taining 5 per cent of KH 2 PO 4 , 47.5 per cent Ca(NOs) 2 j and 47.5 per cent 
MgS 04 and least susceptible in one with 90 per cent of KH 2 PO 4 , 5 per cent 
Ca(N 03 ) 2 , and 5 per cent MgS 04 ( 11 ). Wingard (13) pointed out that 
many diseases, partieularly those caused by obligate parasites, are increased 
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by liigh nitrogen and decreased by higk phospborns as nutrients. Thus con- 
ditions of mineral nutrition that increase thiamin content have in many eases 
also increased development of certain fungus diseases. However, light, 
which also influences the quantity of vitamin Bi in plants (1), may be a 
complicating factor in this connection. From the data presented in this 
paper, we can, therefore, conclude that growth of Erysiphe cichoracearum 
on cantaloupes is either directly or indirectly increased by thiamin. 

SUMMARY 

Of the two melon strains employed in this study, Powdery Mildew Eesis- 
tant Cantaloupe No. 45, highly resistant to race 1, was readily attacked by 
race 2 of Erysiphe cichoracearum; while Cantaloupe Strain 28949, after arti- 
ficial inoculation with race 2, produced necrotic spots, generally without 
macroscopieally visible mycelium. When vitamin Bi (thiamin hydrochloride 
solution) was added in various concentrations to soil in which these infected 
cantaloupe strains were growing, the average number of powdery-mildew 
colonies on the susceptible variety (No. 45) for the several treatments ranged 
from 1.3 to 1.5 times that of the control ; and the amount of necrosis on the 
resistant variety (Strain 28949) ranged from 2.1 to 2.8 times that of the 
control. The results were statistically significant. 

When leaves from mildew-free plants of the susceptible variety were 
excised, inoculated, and maintained on a sucrose solution to which various 
amounts of thiamin, were added, there was no statistically significant effect 
on mildew development as compared with the control. There was a ten- 
dency, however, toward increase of mycelial development with the lower 
concentrations of thiamin. Thiamin solution applied to soil supporting 
mildew-free plants of the susceptible variety from which leaves were finally 
excised, inoculated, and maintained on a sucrose solution, significantly 
increased mildew growth at 0.01 p.p.m. concentration ; but higher concentra- 
tions of the watering solution were without consistent significant effect. 

Various concentrations of thiamin solution added to soil had no consis- 
tent significant effect on the green weight or height of cantaloupe plants 
growing therein. 

U. S. Horticultural Field Station, 

Box 150, La Jolla, California. 

LITERATURE CITED 

1. BoxisrER, James. Experiments on photoperiod in relation to the vegetative gi*owtli of 

plants. Plant Physiol. 15 ; 319-326. 1940. 

2. . — — — — ^ and Jessie Greene. Vitamin Bi and the growth of green plants. 

Bot. Gaz. 100: 226-237. 1938. 

3. ^ and . Further experiments on the relation of vitamin 

Bi to the growth of green plants. Bot, Gaz. 101 : 491-499. 1939. 

4. Burkholder, P. R,, and Ilda McVeioh. Studies on thiamin in green plants with 

the Phi/comi/ces assay method. Amer. Jour. Bot. 27: 853-861. 1940. 

5. Jagger, I. C., and G. W. Sgott. Development of powdery mildew resistant canta- 
loupe No. 45. U. S. Dept. Agr. Oire. 441. 1937. 

, T. W. Whitaker, and D. B. Porter. A new biologic form of 


6 . 


1942] 


Pryor: Vitamin Bi Effect on Erysiphe 


895 


powdery mildew on muskmelons in the Imperial Yalley. PI. Dis. Eptr. 22: 275- 
276. 1938. 

7. Pryor, Bean E. The effect of some mineral nutrients on the development of club- 
root of crucifers. Jour. Agr. Ees. [U.S.] 61: 149-160. 1940. 

, Vitamin and the development of cantaloupe powdery mildew. 
(Abstract) Phytopath. 31 : 863. 1941. 

9. Eobbins, W. J., and V. Kavanagh, Plant growth substances. Ann. Eev. Biochein. 
10:491-508. 1941. 

10. Snedecor, George W. Statistical methods. 388 pp. Collegiate Press (Ames, 

Iowa). 1938. 

11. Trelease, S. E., and H. M. Trelease. Susceptibility of wheat to mildew as influ- 

enced by salt nutrition. Bull. Torr. Bot. Club 55: 41-67. 1928. 

12. Turner, T. W. Studies of the mechanism of the physiological effects of mineral 

salts in altering the ratio of top to root growth in seed plants. Amer. J our. Bot. 
8:415-455. 1922. 

13. WiNGARD, S. A. The nature of disease resistance in plants. I. Bot. Eev. 7; 59-109. 

1941. 


MOLDY CORE OF APPLES IN WISCONSIN 

J. B. CARPENTERI 
(Accepted for publication February 14, 1942) 

Studies on moldy core of apples have been reported by several investi- 
gators. Harrison (4) reviewed most of the literature prior to 1935 and 
presented the results of comprehensive studies on Gravenstein apples in 
Nova Scotia. Goss and Doolittle (3), 1915, and Macinnes (5), 1917, re- 
ported studies on moldy core. In New Zealand, Brien (1) published re- 
cently on the fungi associated with moldy core. Tiller and Cooper (7) in- 
vestigated the detection of moldy core by X-ray but found it commercially 
unfeasible. Woodhead (8) found no correlation between pruning prac- 
tices and the incidence of this disorder. In Argentina moldy core has been 
studied by Marchibnatto (6). 

Moldy core occurs annually in susceptible varieties throughout Wiscon- 
sin, but it is of minor economic importance. The work reported herein was 
done at Gays Mills, Wisconsin, using chiefly Dudley and Delicious apples, 
locally the most susceptible varieties. Dudley, the more important variety 
in the Gays Mills area, is marketed as a green culinary apple without the 
complications that might arise from prolonged storage. The losses result 
from a lowering of the grade of the few fruits visibly affected at the time of 
picking. Moldy core in Delicious may prove objectionable in advanced 
cases, since the blackened core cavity is unsightly in a dessert apple. Fortu- 
nately, flesh rot is not commonly associated with this disorder in Wisconsin. 

MATERIALS AND METHODS 

The apples used were of typical conformation and free from complica- 
ting defects, such as internal injuries caused by insects or externally visible 
growth cracks. The samples were picked to represent both the typical ex- 
posures and the various size classes of fruit. 

The Dudley and Delicious fruits used were usually immature. The 
samples of Dudley fruit were taken from shortly before harvest until well 
into the harvest period in 1939 and 1940. In 1941 the samples were picked 
within a lO-day period before harvest. The Delicious apples were sampled 
in the latter part of August, a few weeks before their harvest time. When 
measurements of fruit size were made, the maximum transverse diameter 
was determined. 

To isolate the fungi associated with moldy core and to determine the 
prevalence of the disorder, a piece of endocarp or a seed was removed asepti- 
cally from each fruit and transferred to a Petri dish containing potato-dex- 
trose agar. The plates were incubated for at least 1 week *at room tempera- 
ture. In fruit with no macroscopic symptoms a piece of endocarp was re- 

1 The writer wishes to thank Dr. G. W. Keitt for helpful criticism and advice during 
the course of this study. 
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moved near the distal end of the core, since the fungus enters there. In 1941, 
inoldiness was maeroscopically visible in only 62 per cent of the affected 
fruit. The fungi isolated were identified microscopically, although their 
gross cultural characters were usually definitive. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The symptoms of moldy core observed are like those described by Brien 
(1) and Harrison (4). The endocarp walls and the seeds gradually become 
overrun and darkened by fungal growth, and in the advanced stages the core 
cavity is filled with a gray mycelial weft. Occasionally the flesh surround- 
ing the core begins to rot as the fruit approaches maturity. The only reli- 
able color change associated with this disorder in Dudle,y and Delicious is a 
precocious development of the yellow ground color, and this occurs only 
when the infection is at an advanced stage. The flavor of the fruit is iiniin- 
paired, unless flesh rot occurs. 

Most of the affected fruits had no external symptoms at their respective 
harvest times. Slight moldiness is not an important defect in fruit for im- 
mediate consumption. The growers of the Gays Mills area report no com- 
plaints about the development of moldy core into a flesh rot in stored 
Delicious apples. 

The disorder was about equally common in Dudley fruits of all sizes 
(Pig. 1). Observations indicate a like relationship for Delicious. Harri- 
son (4) found among Gravenstein apples that moldy core was more common 
in the heavier fxmit. 


TABLE 1 . — Fungi associated with moldy core in several varieties of apple, Gays 
Mills, Wisconsin 


Variety of 
a])pie 

Year 

Isolations 

attempted 

Fruits yielding 

Alternaria 

sp. 

Ftisarium 

spp. 

Alt€r7ia7'ia 
sp. and 
Ftisarium 
spp. 

Other 

fungi 



No. 

Fer cent 

Per cent 

' Per cent 

1 Per cent 

Ben Davis 

1939 

36 

27.8 

0.0 

i 2.8 

2.8 


1940 

62 

14.5 

0.0 

j ■ 0.0 

3.2 

Delicious 

1939 

34 

79.4 

8.8 

5,8 

■ '2.9 


1940 

105 

48.5 

2.9 

! 8.6 

7.6 


1941 

150 

i 

1 65.3 

7.3 

, 9.3 

2.7 

Dudley 

1939 

56 

76.8 

1.8 

10.7 

1.8 


1940 

301 

78.1 

0.9 

1.9 i 

2.0 


1941 

403 

71.7 

3.7 

9.9' ■■■■ 

■ 8.4, : 

Eameuse 

1940 

60 

6.6 

0.0 

1.5 

1.5 . 

Golden De- 







licious 

1940 

29 

1 

10.3 

0.0 

0,0 

0.0 

Meintosli 

1940 

51 

2.0 

2.0 

0.0 

3.9 

Northwestern 







Greening 

1940 

51 

4.0 

2.0 

0.0 

0.0 

Wealthy 

1940 

51 

11.6 

0.0 

0.0 

4.0 
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It is well known that Delicious apples usually have a ealycine sinus con- 
necting the central core chamber with the calyx tube. In the present work 
this structure was found to exist in Dudley, though less commonly. In its 



Fig. 1. The incidence of moldy core in relation to the size of Dudley apple fruits. 
In 1940, 222 of 275 fruits were infected and in 1941, 378 of 402. 

absence in either variety, the distal end of the core cavity was found to be 
separated from the calyx tube by only a thin layer of tissue. Minute cracks 
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may occur in this layer, or the style bases may unite imperfectly, leaving a 
small opening into the core. In varieties not commonly affected v^ith moldy 
core, there is no calycine sinus, and usually a few millimeters of apparently 
solid tissue lie immediately below the calyx tube, effectively barring the 
entrance of chance invaders. 

The fungi associated with moldy core were predominantly of the genus 
Alternaria (Table 1). The isolates of this genus all fell within the limits 
of the Alternaria tennis group (2). In each season, 1939, 1940, and 1941, 
the morphological characters of the many isolates were uniform enough to 
make them members of a single species. Spore size was as variable in mono- 
conidial as in mass isolates. Inasmuch as the Alternarid temiis group in- 
cludes many named species of uncertain validity, the isolates of Alternaria 
considered in this study will be hereinafter designated as Alternaria sp. 

Alternaria sp. was occasionally associated with a species of Fusarinm or 
with certain other fungi. An isolate of Fusarium or of some undetermined 
genus was obtained alone from a fe^w fruits. 

An attempt was made to identify the organisms associated with the flesh 
rot that occasionally accompanied moldy core. Isolates of both Alternaria 
and Fusarinm were obtained from the rotted flesh. 

Species of Alteniariay Coniothyrinm, Fusarinm^ and Hormodendrum^ as 
well as bacteria or yeasts, were isolated in abundance from the floral rem- 
nants in the calyx basin. The isolates of Alternaria and Fusarium were 
morphologically identical with those from moldy cores. The presence of so 
many different fungi in the calyx basin, considered with the predominance 
of Alternaria sp. in moldy cores, suggests that the latter fungus may be 
peculiarly adapted for penetrating into the core and establishing itself 
(c/. 4). 

SUMMARY 

An account is given of the symptoms of moldy core in the Dudley and 
Delicious varieties of apple. This disorder occurs in a high proportion of 
the fruit of these varieties in Wisconsin, but it is of minor economic impor- 
tance. 

Moldy core was equally common in Dudley fruit of all sizes. 

Undesirable morphological characters of the fruit predispose Dudley and 
Delicious apples to infection by the several fungi found in moldy cores. 

A species of Alternaria of the Alternaria tenuis group was the predomi- 
nant fungus. Species of other genera were found either alone or asso- 
ciated with AWeraariu sp. 

Inasmuch as several species of fungi were found growing in the calyx 
basin on dead floral remnants, it seems that Alternaria sp. may be peculiarly 
adapted for entering the core and establishing itself. 

Department op Plant Pathology, 

University OP Wisconsin, 

Madison, Wisconsin. 
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A NEW STKAIN OP THE TOMATO LEAF-MOLD FUNGUS 
(CLADOSPORIUM FULVUM) 

L.J.Alexanberi 
(Accepted for publication February 12^ 1942) 

INTRODUCTION 

In the development of the leaf -mold-resistant tomato variety^ Glohellej 
Alexander (2) crossed individuals of the resistant currant tomato, Lyco- 
persicon pimpineMif olium M-ill. with individuals of the domestic species, 
L. escidentum Mill, varieties Globe and Marhio. During the second crop 
after the introduction of the variety Globelle, leaf -mold lesions were ob- 
served on this variety, and subsequently it was attacked where grown 
throughout northern Ohio. Observations indicated that a new strain of 
the fungus had appeared. 

Guba (6) studied the resistance of the tomato to Cladosporium leaf 
mold and came to the conclusion that the existing confusion regarding the 
partial resistance of certain varieties of the domestic species was due to 
variability in the growing conditions rather than to the existence of dif- 
ferent strains of the fungus. Langford (8), in a study of the parasitism 
of Cladosporium fitlvum Cooke, identified 4 physiologic strains of the 
fungus. However, both Guba and Langford, and others (1, 2, 4 and 9), 
reported that Lycopersicon pimpmellifolium was highly resistant to or 
immune from all collections of the fungus tested. Also, in private corre- 
spondence, D. H. Wenholz of New South Wales reported L. pimpinelU- 
folium highly resistant to C. ftilvum, 

Alexander (3) reported the occurrence of a new strain of the fungus 
capable of attacking Globelle, as well as the collection of Lycopersicon 
pimpmellifolium previously found resistant or immune. This paper is an 
elaboration of the earlier article and presents additional evidence to show 
that Cladosporium ftilvum is not limited in its host range to varieties of 
the domestic species. 

METHODS AND MATERIALS 

In a previous article, the ywriter (1) described the methods of inocula- 
tion and disease recording. In the present investigation, the same methods 
^vere followed, except that diseased leaf materials, used as a source of 
spores for inoculation, was collected from different sources. Diseased leaves 
of Globelle w^ere collected from the glasshouse where the disease first 
appeared on this variety. Diseased leaves from the susceptible variety 
Globe were eolleeted from glasshouses in southern Ohio, where Globelle 
w^as not adapted and, consequently, had not been grown. In this paper, 
the spores collected from Globe will be referred to as the Globe strain’^ 
and those eolleeted from Globelle will be referred to as the ^ ^ Globelle strain. ^ ^ 

1 Published with the approval of^the Director of the Ohio Agricultural Experiment 
Station. 
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experimental 

In cross-inocnlatioii tests, Globe and 3 other standard varieties were 
used as susceptibles. The resistant varieties were Red Currant, Globelle, 


I’lO. 1. Leaflets of Globe (A), Globelle (B), and Red Currant (C) naturally affected 
with leaf mold. D. Plants of the variety Globelle artiflcially infected with the Globe 
(left) and Grlobelle (right) strains of the leaf -mold fungus. 

Bay State, and Veto-mold. The two last-named varieties were introduced 
as leaf mold-resistant by Guba (7) and Langford, respectively. 

The results of 4 separate cross-inoculation experiments are combined 
and summarized in table 1. 
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All plants of tlie standard varieties were susceptible alike to botb strains 
of the fungus. However, Ked Currant and the three resistant varieties 
were highly resistant to or immune from the Globe strain/^ but were 
susceptible to the ''Globelle strain’’ of the fungus. This difference is 
illustrated in figure 1, D. In’ the course of additional work to improve 
Globelle, these findings with respect to Globe and Globelle have been con- 
firmed. As a further test of the resistance of Ked Currant, a few plants 
were grown along with Globelle in a commercial glasshouse. When the 
disease appeared on Globelle, it also appeared on Red Currant. A photo- 
graph of a naturally infected leaflet of Red Currant is shown in figure 1, C. 

Since its introduction, Globelle has been grown in many glasshouses, 


TABLE 1 . — Summation of four experiments to demonstrate the exutence of two 
strains of Cladosporium fulmim 



Globe strain 

Globell. 

e strain ■■ 

■Varieties tested 

No. plants 
resistant 

No. x>lants 
susceptible 

No. plants 
resistant 

No. plants 
susceptible 

Grlobe 

0 

61 

0 

81 

Bonny Best 

0 

8 

0 

8 

Potentate 

0 

20 

0 

20 

Stirling Castle 

Red Currant (L. pimpi- 

0 

27 

0 

26 

nellifoUum) 

30 

0 

0 

30 

Globelle 

82 

0 

0 

95 

Bay State 

16 

0 

0 

15 

Veto -mold 

31 

0 

0 

16 


hence there has been an opportunity to make comparative observations on 
the severity of the disease on the varieties Globe and Globelle. These ob- 
servations indicate that Globelle is injured less severely than Globe. 
Lesions develop more slowly on the one than on the other ; consequently, it 
takes longer for leaves to be killed. This difference is illustrated in figure 1, 
A and B, The light-colored areas on the leaflet of Globelle are leaf-mold 
lesions that are developing slowly and have not yet fruited. 

In a cursory microscopic examination of spores and fruiting struetures 
of both strains of the fungus, no significant differences were noted. Measure- 
ments of the unicellular spores of the ‘^Globelle strain” of the fungus aver- 
aged 3.89 X 1.80 p; spores of the Globe strain” averaged 3.84 x 1.74 p. 
This slight difference is pi’obably not significant. 

DISCUSSION 

The origin of the new strain of the fungus is uncertain. The organism 
is interesting because it was first observed in a commercial glasshouse where 
many parental lines of Globelle had been grown without showing any evi- 
dence of leaf mold. This observation in connection with those of other 
investigators (4, 6, 8, and 9) who had not observed any evidence of the 
existence of strains of the fungus capable of attacking the currant tomato 
indicates that the new strain of the fungus was not previously present. 
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These observations suggest the possibility that the new strain arose by 
mutation. 

The first observed lesions of the new strain of the fungus were few in 
number and not typical of leaf mold, but a microscopic examination revealed 
the presence of typical Cladosporium spores and conidiophores. The suc- 
ceeding crop of Globelle became generally infected. These lesions were 
typical of leaf mold and some defoliation occurred. Subsequent to the first 
appearance of the new strain of the fungus it soon appeared in glasshouses 
throughout northern Ohio and, also, reports of its existence have come to the 
author either by letter or by conversation with plant pathologists or growers 
from the greater part of the northeastern United States and once from Texas. 

If the new strain of the fungus arose, as suspected, by mutation, it seems 
possible that seed transmission could account for its rapid dissemination. 
Opportunities for seed infection were present because much of the early 
seed of Globelle” was sold by the grower in whose glasshouse the new 
strain first appeared. This seed was saved from ripe to over-ripe fruits, 
picked from vines infected with the Globelle strain. The pulp was extracted 
and allowed to ferment in the packing shed and finally put to dry on screens 
in a small plant house. In this connection, it might also be mentioned that 
Gardner (5) demonstrated that seed transmission can occur when fruits are 
severely damaged by the leaf -mold fungus. 

SUMMAEY 

The germplasm of the imperfect fungus, Cladosporium fulvum, is shown 
to be sufficiently plastic to permit the evolution of new physiological strains. 

The fungus, C, fulvum^ is not limited in its parasitism to the one host 
species, Lycopersicon escidentum. 

The variety Globelle, introduced as resistant to leaf mold, proved sus- 
ceptible to the new strain of the fungus but less susceptible than Globe. 
Department op Botany and Plant Pathology, 

Ohio Agricultural Experiment Station, 

Wooster, Ohio. 

literature cited 

1. Alexandee, L. J. Leaf mold resistance in the tomato. Ohio Agr. Exp. Stat. Bull. 

539:1-26. 1934. 

2. . A new tomato variety resistant to leaf mold. Phytopath. 28 : 1. 1938. 

3^ ^ ^ strain of the tomato leaf mold fungus, Cladosporium fiilvmi. 

Phytopath. 30 : 1. 1940. 

4. Bond, T. E. T. Infection experiments with Cladosporium fulvum Cooke and related 

species. Ann. Appl. Biol. 25 : 277-307. 1938. 

5. Gaednee, Max W. Cladosporium leaf mold of tomato. Fruit invasion and seed trans- 

mission. Jour. Agr. Res. [U. S.] 31: 519-540. 1925. 

6. Guba, E. P. Resistance to Cladosporium fulvum. Phytopath. 26: 382-386. 1936. 

7. ^ X i-ed forcing tomato resistant to Cladosporium leaf mold. Phytopath. 

29: 9. 1939. 

8. Langeoeb, a. N. The parasitism of Cladosporium fulvum Cooke and the genetics of 

resistance to it. Canad. Jour. Res. Sec, C, 15 : 108-128. 1937. 

9. SengbuscHj R. V. and Laschakqwa-Hasenbusch. Immunitatszuchtung bei toinaten. 

Vorlaufige Mitteilung iiber die Ziichtung gegen die Braunfleckenkrankheit 
{Cladosporium fulvum Cooke) resistenter Sorten. Her Ziichter 4: 257-264. 
1932. 


DEFOLIATION OF AMERICAN HOLLY CUTTINGS BY 
RHIZOCTONIA 

J.S, Cooley 

(Accepted for publication February 24, 1942) 

INTRODUCTION 

A disease of American holly {Ihx opaca Ait.) cuttings was observed in 
1936 in propagation experiments of Neil W. Stuart and Paul C. Martld at 
this station. In the following year these cutting beds were emptied and 
refilled with clean sand, but the disease again caused heavy loss. It was 
noted that the disease first appeared near a wooden partition and rapidly 
spread to the rest of the cutting bed. 

Holly cuttings rooted best when set deep, with the petioles and often part 
of the leaf blades covered with sand. This deep setting also favored develop- 
ment of the pathogen in question, a species of Rhizoctonia. Because holly 
cuttings require a month or more to root and the favorable period for propa- 
gation may be passed before the disease becomes manifest, it is diflScult to 
replace losses from this disease b}" starting other cuttings later. 

SYMPTOMS 

The first symptom of the disease is a cobweb-like effect (Figs. 1 and 2) 
resulting from adherence of fungous filaments and grains of sand to the 
under side of leaves that touch the sand. Defoliation may begin in 2 or 3 
weeks after the cuttings are set (Pigs. 1 and 2). Not long after defoliation 
black sclerotia may develop on the dead leaves lying on the sand. Sclerotia 
do not always form on leaves in the cutting bed, but they usually form very 
readily on leaves of cuttings placed in a glass moist chamber. Another 
symptom that is sometimes, but not always, present is a zonate leaf spot. It 
developed on naturally infected cuttings and on cuttings in beds inoculated 
with a pure culture of the fungus (Pig. 1), but not in uninoculated beds. 
Isolations from such zonate spots yielded a Rhizoctonia that produced eliar- 
acteristie defoliation symptoms when used in inoculations. This evidence 
justifies the conclusion that under certain conditions this pathogen Avhieh is 
identical with the species of Rhizoctonia used in other inoculation experi- 
ments, may produce a zonate leaf spot. Stahel^ reported a specdes of 
CorUcium causing a zonate or areolate leaf spot on citrus in Surinam. 

PATHOGENICITY 

A species of Rhizoctonia consistently isolated from diseased cuttings has 
proved to be the cause of this disease. On December 11, 1937, sterilized sand 
was placed in glass moist chambers and mixed with inoculated oats ; one dish 

1 Stuart, Neil W,, and Paul C. Marth. Composition and rooting of American bolly 
cuttings as affected by treatment with indole butyric acid. Proc. Amer. Soc. Hort. Sei. 
35: 839-844 (1937). 1938. 

2 Stahel, Gerold. Gortimum areolatwm, thQ cause of the areolate leaf spot of citrus. 
Phytopath. 30 : 119-130. 1940. 

■".'90.5 
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was left uninoculated to serve as a check. Cuttings were then set in these 
moist chambers as in a cutting bed. Ten days after setting, the cuttings in 
the inoculated sand had dropped part of their leaves and nearly all were 
about to drop. Fungus filaments with enmeshed grains of sand adhering to 
the under side of the leaves presented the cobweb effect characteristic of the 
disease in a cutting bed (Pig. 1). Blackening of petioles and of parts of 



Fig. 1. Diseased holly cutting from an inoculated cutting bed, showing the advance 
of the disease up the petioles, the adherence of sand to the affected parts, and the zonate 
leaf spot (indicated by arrow). 

leaf blades was also apparent. The symptoms experimentally produced on 
holly cuttings in a moist chamber by a pure culture of the Ehizoctonia were 
therefore similar to those in naturally infected holly cuttings from which the 
Ehizoctonia was isolated. The reisolated fungus was identical with the 
inoculant. Cuttings in the moist chamber containing uninoculated sand 
were alive and showed no evidence of the disease at the conclusion of the test. 
Later experiments with cuttings set in inoculated and in disease-free beds 
(Fig. 2) confirmed this evidence obtained from moist chambers. 

Cultures of this fungus were determined to be Rhizoctonia solani Kiihn, 
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Fig. 2. Two healthy holly cuttings from uninoculated cutting bed (left) . Two dis- 
eased cuttings from inoculated bed; a zonate leaf spot is indicated by the arrow (right). 

by William Davis and by Ernest Wright of the Division of Forest Pathology, 
U. S. Bnrean of Plant Industry. Comparison of this strain with a species of 
Rhizoctonia isolated from potato showed only minor differences in color and 
character of growth. This fnngns proved to have a very narrow tempera- 
ture range for good growth in Petri plates of potato-dextrose agar, as re- 
corded in Table 1. Growth was extensive at temperatures near 25° C., but 


TABLE 1. — Effect of temperature on growth of Bhwoctonia from holly on potato- 
dextrose agar 


Temperature 

Piameter of hyphal 
mat after 48 hours 

Chara cter of 
hyphal mat 

° C, 

Mm, 


5 

0 


10 

0 


15 

16.8 

Very thin 

20 

41.5 

Thiii 

25 : 

73.5 

Very dense 

30 1 

55.6 

Thiii 

35 

0 


40 ; 

0 



very restricted above 30° or below 15° in the 4:8-hour period. At 20° 0. 
there was considerable elongation of hyphae but the hyphal mat was very 
thin, and at 15° it was decidedly subnormal in appearance. In the presence 
of sufficient moisture the development of this disease may be dependent upon 
suitable temperature. Holly cuttings rooted favorably at a temperature 
near the optimum for growth of this fungus, but the effect of temperature 
on rooting was not a subject of experimentation. 

Cuttings of a number of plants usually pronaeated bv euttins's were 
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in a bed infested with the holly Ehizoctonia and also in an nninocnlated 
bed. This test included begonia sp., Lorraine type), buddleia 

{Biiddleia davidi Fraueh), carnation (Dianthiis caryophyllus L.), chrysan- 
themum (Chrysanthemum sp.), fuchsia (Fuchsia sp.), geranium {Pelar- 
gonium horiorum Hort), heliotrope (Heliotr opium sp.), lantana {Lantana 
camara h ), peristrophe (Peristrophe angusfifoha Nees.), and snapdragon 
(Antirrhinum majus L.). All the plants tested showed some degree of 
infection and gave much poorer rooting in the inoculated than in the non- 
inoculated bed. In the inoculated bed cuttings of highly susceptible plants, 
such as begonia, died in a short time while more resistant ones, such as the 
chrysanthemum, show^ed moderate injury with survival of some of the cut- 
tings. These results indicate that the holly Ehizoctonia may Mil the cuttings 
or adversely affect the rooting of a wide variety of plants. 

SOURCE OP INFECTION 

When cuttings from different holly trees and from different positions on 
such trees, including limbs touching the ground, were set in sterilized sand 
in moist chambers no disease developed. Further evidence that holly cut- 
tings are not the usual source of infection was supplied by other experiments 
reported in this paper in which holly cuttings taken from the open and set 
in a clean cutting bed remained disease-free throughout the rooting period. 
Although this evidence does not preclude the possibility that holly cuttings 
may sometimes carry the fungus, it is probable that infection usually origi- 
nates from contaminated greenhouse material. 

CONTROL EXPERIMENTS 

In testing chemical treatments the cutting bed was divided into two com- 
parable parts ,• one was inoculated with the pathogen, and the othe^ was kept 
disease-free, as a check on the effect of the chemical or other treatments on 
disease-free cuttings. The fungus, cultured on either steamed oats or 
Tochinai’s^ solution, was allowed to grow in the inoculated portion of the 
cutting bed for 2 to 3 days before the chemicals were applied either in solu- 
tion or in suspension. The propagating case was then kept closed for 12 or 
more days before the cuttings were set, and again after they were set. The 
bed was supplied with electrical bottom heat thermostatically controlled at 
24° to 27° C. When most of the cuttings were well rooted the bed was 
cleared and the results recorded. Such experiments were carried on in four 
successive years. 

None of the chemicals tested^ afforded control of the disease under the 
conditions of the tests ; and all treatments reduced the proportion of rooted 
cuttings in the uninoculated bed. Applications of disinfectants to cuttings 
after they were set resulted in chemical injury without control of the disease. 

An important result of these experiments was the absence of diseased 

3 Tochinai, Y. Comparative studies on physiology of Fumrium Uni and Colleto- 

trichum UnL Jour. College of Agr. Hok. Kardo Imp. Univ. 14 : 171-236. 1936. 

4 Acetic, sulphuric, hydrochloric, a-naphthyl acetic, and phosphoric acids, sulphur, 
ferrous sulphate, potassium permanganate, cuprous oxide, aluminum sulphate, ammonium 
sulphate, calcium superphosphate, Bordeaux mixture, mercuric chloride, at various eoneen- 
tratioiis. 
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plants in the noninoeiilated bed, which was separated from the heavily in- 
fected bed by a 6-ineh board only. In preparation for the experiment, the 
bed had been cleaned of sand, disinfected with 1 : 50 formaldehyde solution, 
and refilled with clean fresh sand. Care was exercised to prevent the carry- 
ing of the fungus from the diseased to the noninoculated bed. 

Throughout 4 shallow setting of cuttings also was tested as an ac- 
cessory control measure. Cuttings were set in a contaminated and also in an 
uninoculated cutting bed; half of the cuttings in each bed were set shallow 
so that no leaves w^ere covered with sand, the rest were set deep, so that the 
petioles and part of the leaf blades were covered with sand. Usually, after 
about a week, the deep-set cuttings in the contaminated bed showed fungus 
growth and some leaf shedding, while the shallow-set cuttings showed no 
evidence of leaf shedding. After 2 weeks the deep-set cuttings showed con- 
siderable rhizoctonia infection and defoliation, while the shallow ones showed 
infection and defoliation only where they were set too close and the leaves 
touched each other or the sand. In the noninoculated beds both deep-set 
and shalloAV-set cuttings consistently remained healthy. Results do not 
justify recommending shallow setting as a sole perventive measure. 

Since Rhizoctonia solani does not readily sporulate, dissemination by 
spores is not common. The fungus, however, does produce an abundance of 
hyphal growth, which is readily disseminated as mycelial strands and frag- 
ments that adhere to various objects. Although the disease is thus readily 
spread, it has been possible to maintain an experimental disease-free bed 
adjacent to a heavily diseased one. These experiments show that sanitation 
affords practical control. If the disease has been present in a bed, the sand 
should be removed and the bench washed with a disinfectant, such as 2 per 
cent formaldehyde or 2 per cent copper sulphate solution. The bed should 
be refilled wdth fresh clean sand or sterilized sand, and every effort should 
be made to prevent recontamination. Since Bhizocionia may live on plant 
debris in the soil, it seems best to avoid taking cuttings from holly branches 
that touch the ground. 

SUMMARY 

A leaf-drop disease of American holly cuttings, caused by Rhizoctonia 
solanif is described. The pathogenicity of the fungus was demonstrated by 
the usual means. The fungus in culture showed a restricted temperature 
range with the optimum between 25° and 30° C. No positive evidence was 
obtained that the disease is harbored on holly plants from ^yMcIi cuttings 
were made. When heavily contaminated cutting beds were treated 'with a 
number of disinfectants and cuttings were set after a lapse of 12 or more 
days none of the disinfectants gave satisfactory control. However, thorough 
sanitary measures gave effective eontrol. These included renewal of the 
cutting bed with fresh clean sand after washing the bench with a disinfec- 
tant, and the taking of precautions against recontamination. 

IT. S. Bureau Plant Inuustry Station, 

Beltsville, Maryland. 



RELATIVE CONCENTEATIONS OP TWO STRAINS OF CURLY- 
TOP VIRUS IN TISSUES OP SUSCEPTIBLE AND 
RESISTANT BEANS 

C . F . L A C K E Y 

(Accepted for publication February 17, 1942) 

While investigating the relationship of eiirly-top virus to root tips of 
sugar beets it was sometimes difficult to obtain sufficiently large root tips 
from diseased beets. This difficulty directed attention to beans (Phaseolus 
vulgaris L.) , which, in the early stages of curly top, produce somewhat larger 
root tips. Therefore, in some of this work bean root tips were studied along 
with root tips of sugar beets. 

This paper is an account of experimental results on factors affecting 
virus concentration in beans. Two strains of curly-top virus served as 
inoculum for 2 varieties of beans differing in resistance to curly top. 

Curly-top virus strains 1 and 4 were chosen from those described by 
Giddings.^ The bean varieties were Great Northern U.I. 81, a selection 
made by Pierce^ and reported somewhat resistant to curly top by Murphy,^ 
and Bountiful, an extremely susceptible commercial variety. Under green- 
house conditions and when inoculated on young leaves, U.I. 81 continues to 
grow, although obviously affected by virus strain 1. With Bountiful, how- 
ever, Giddings^ showed that infection by virus strain 1 caused a loss of leaves, 
complete cessation of growth, and early death. 

Plants of each variety were inoculated with curly-top virus strain 1 and 
later the root tips and shoot tips were tested for virus concentration, the 
former about 1 week after inoculation. In each experiment 20 root tips (5 
mm, length) of each variety were cut and macerated separately in a 5 per cent 
sucrose solution. Non-viruliferous beet leaf hoppers were fed on these 
preparations and then caged singly on susceptible sugar beet ^edlings. 
The percentages of infection in the parallel series of test plants afforded 
a comparison of the virus concentrations in the 2 bean varieties. Shoot 
tips were tested by expressing the juice and feeding it to non-virulifer- 
ous leaf hoppers. 

Table 1 shows the results of parallel experiments with curly-top strain 1 
on the 2 bean varieties. Since the number of test plants varied among the 
experiments, infections are shown as percentages. These results show that 
in 19 out of 20 tests more of the beets became infected when inoculated with 
virus from the susceptible bean variety than when inoculated with virus 
from the resistant variety. In the 13th test, percentages of infection were 
equal. Obviously, the virus was regularly more concentrated in the root 

1 Giddings, N. J. Studies of selected strains of curly top virus. Jour. Agr. Bes. 

[U.S.] 56: 882-894. 1938. 

2 Pierce, W. H. Eesistance to common bean mosaic in the Great Northern held bean. 

Jour. Agr. Res. [U.S.] 49: 183-188. 1934. 

3 Murphy, Donald M. A Great Northern bean resistant to curly top and common bean 
mosaic viruses. Phytopath. 30: 779-784. 1940. 
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TABLE 1. — Inf ection percentages on test l)eet plants, indicating ooniparative con- 
centrations of curly-top virus strain 1 in tips of roots and shoots of (a) susceptible bean 
variety {Bountiful) and (&) resistant variety (UJ, 81) 



Virus source 

Experiment 

Susceptible variety 

Eesistant variety 

Number of 
sugar beets 
inoculated 

Percentage 

infected 

Number of 
sugar beets 
inoculated 

Percentage 

infected 


Extract from, root tips nseda 


1 

24 

43.5 

24 

4.2 

2 

24 

1 50.0 

i 24 

0.0 

3 

24 

20.8 

24 

0.0 

4 

24 

50.0 

24 

0.0 

5 

24 

25.0 

24 1 

0.0 

6 

13 

38.6 

15 I 

6.7 

7 

22 

63.6 

24 

20.8 

8 

20 

55.0 

20 

5.0 

9 

24 

50.0 

24 

4.2 

10 

20 

25.0 

15 

6.3 

11 

20 

35.0 

20 

5.0 

12 

20 

65.0 

20 

0.0 

13 

20 

5.0 

20 

5.0 

14 

20 

70.0 

24 

4.2 

15 

20 

35.0 

■ 

20 

5.0 


Expressed juice from slioot tips used 


16 

20 

50.0 

20 

0.0 

17 

20 

10.0 

20 

0.0 

18 

20 

30.0 

20 

10.0 

19 

16 

43.8 

20 

10.0 

20 

20 

25.0 

20 

0.0 


a 20 root tips (5 mm. long) of each variety were macerated in 5 per cent sucrose 
solution. 


tips of the susceptible variety. Limited evidence indicates the same is true 
for shoot tips. 

In experiments by Giddings"^ and in some of the tests mclnded in table 1 


TABLE 2. — Infection percentages on test beet plants, indicating comparaiive con- 
centrations of virus in root tips of Bountiful beans infected with (a) curly-top virus strain 
1 and with {b) curly -top virus strain 4 



Ourly-top virus strain 1 

Curly -top virus strain 4 

Experiment 

Number of 
sugar beets 
inoculated 

Percentage 

infected 

Number of 
sugar bee^ts 
inoculated 

Percentage 

infected 

1 

24 

50.0 

24 ■ 

. 12.5 

2 

32 

34.4 

14 

■. 14.3 

3 ' 

24 

45.8 

24 

0.0 

4 

24 

37.5 

24 

16.7 

5 

22 

63.7 

22 

27.3 

6 

20 

60.0 

24 

0.0 

7..... 

15 

26.7 

12 

25.0 

8 

20 

70.0 

20 

30.0 

9 

20 

35.0 

20 

10.0 


4 Biddings^ N. J. Enpuhlished data. 
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it was observed that a small amount of the virus was usually obtained from 
IT.I. 81 plants soon after symptoms were detectable, but very rarely in later 
periods of growth of the infected plants. Apparently, shortly after iiifec- 
tion occurs some factor in this resistant variety inactivates the virus or 
inhibits its further multiplication. 

Further studies were conducted in which virus strain 1 and the less viru- 
lent strain 4 were used to inoculate the susceptible variety Bountiful. Tests 
of virus concentration in the root tips were conducted as before. These 
results reveal that in all cases infection percentages were greater when inocu- 
lations were made with virus from beans infected with strain 1 (Table 2). 
The differences were large in 8 of the 9 tests made. Evidently the concen- 
tration of the virulent strain was consistently higher than that of the less 
virulent strain. 

These tests demonstrate that in the resistant bean, U.I. 81, virus strain 1 
is promptly inactivated or multiplication is quickly inhibited. In highly 
resistant sugar beets, on the contrary, Giddings^ has found strain 1 to per- 
sist. The tests also show that in the root tips of the susceptible bean, Boun- 
tiful, the virulent strain 1 promptly reaches a higher concentration than 
does the less virulent strain 4. This behavior is in contrast to that found in 
root tips of susceptible beet varieties’''* in which strain 4 reaches a slightly 
higher concentration than does strain 1. 

Division of Sugar Plant Investigations^ 

U. S. Department op Agriculture^ 

Eiverside^ California. 

s Lackey, C. P. Unpublished data. 


PHYTOPATHOLOGICAL NOTE 


Susceptibility of Solanum species to Fusarium solmii var. eumartiL — Tlie 
lack of information concerning the occurrence of fiisarinni wilt in wild 
tuber-bearing species of Solanum, and the possibility of discovering resis- 
tant parent material for breeding purposes, led the writers to test a num- 
ber of species kindly supplied by Donald Eeddick. The tests were made 
by growing the seedlings in inoculated, sterilized and uiisterilized soil, as 
described by the writers^ 

Typical foliage and tuber symptoms of the disease were produced in the 
seedlings, and the pathogen was recovered in pure culture. On the basis of 
these tests the following species proved susceptible to the disease.* Solanum^ 
acaule, S. demissum (Eeddick 178, 418, and 519), S. chacoense, S, commer-- 
sonii Blanca’’ and Colorado,” from Las Delicias, Argentina), S. sp., 
from Chile, P. I. 129381, S. antiporiczii — K. W. Goss and H. eJENSEN,. 
Nebraska Agricultural Experiment Station, Lincoln, Nebraska. 

1 Jensen, J. II. and R. W. Goss. Infection of first-year potato seedlings with Fusa-- 
rnmi soloni var. eumartiL Amer. Potiito Jour. 18: 239-242. 1941. 
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HayeS; Heebeet Kendall, and Koreest Khinehart Immer. Methods of Plant Breeding. 
(1st. ed. 432 pp., 37 figs. MeGraw-Hill Book Co., Inc., (New York and London) 
1942. $4.00. 

A textbook designed primarily for the use of students and workers interested in field- 
crop improvement through plant breeding. Agronomists, phytopathologists, economic 
botanists, and other allied professional groups also should find this text especially valuable 
as a reference. The senior author, who has spent his entire career specializing in the 
teaching and practice of plant breeding, is unusually well qualified to prepare a work of 
this kind. Hence, many valuable data are presented and numerous outstanding examples 
of the best methods of breeding crop plants are discussed. The junior author contri- 
bution to the book on methods of field-plot technique, experimental design, and statistical 
analysis is equally outstanding, presenting timely and up-to-date information on these 
subjects. Although still a young man, he has attained an eminent position among 
authorities in his chosen field of research. 

In the preface, the authors have expressed concisely, yet rather completely, in simple 
language the general nature and use of the material presented in the text. ^ ' The subject 
matter presented ... has been used in both undergraduate and graduate courses. . . . 
The undergraduate course is taught only to junior and senior students. The graduate 
courses are given for the purpose of teaching standardized methods of breeding for 
particular categories of breeding problems and to present the current viewpoint when 
the most desirable method of breeding is not so well known. This is with the belief that 
each of the various methods of hybridization, including the pedigree method of selecting 
during the segregating generations, the bulk method with self -pollinated plants, the 
backcross method, and convergent improvement, has certain advantages and disadvantages 
that make it desirable under some conditions and less desirable for other breeding 
problems. ' ’ 

Methods of field plot technic, experimental design, and statistical analysis with 
particular reference to plant breeding problems have been discussed, including some of 
the newer methods. The necessary statistical tables have been included with the permis- 
sion of the original publishers. ^ ^ 

The book consists of 22 chapters, and is illustrated with 37 figures comprising half- 
tones, tables, and graphs. The general topics for each chapter are: The role of plant 
breeding,* the genetic and cytogenetic basis of plant breeding,* mode of reproduction in 
relation to breeding methods ,* techniques in selfing and crossing ,* the pure-line method of 
breeding naturally self -pollinated plants; hybridization as a method of improving self- 
pollinated plants; the backcross method; breeding for disease and insect resistance; 
inheritance in wheat, oats, barley, and flax; method of selection for special characters; 
development of methods of corn breeding; inheritance in maize; controlled pollination 
methods of breeding cross-pollinated plants ; seed production ; some commonly used 
measures of type and variability ; field-plot technic ; randomized blocks, Latin squares, and 
tests; correlation and regression in relation to plant breeding; and multiple experi- 
ments, including methods of testing a large number of varieties and the analysis of data 
expressed as percentages. These chapter titles briefly set forth the contents of the book, 
which might be considered sufficient for a review, even without further comment. 

The authors have deemed it unwise to attempt a complete review of the present status 
of the genetics of many crop plants, because such a review soon would become obsolete, so 
rapid is the advancement in the field of genetics, or more particularly in the field of 
cytogenetics. Brief reviews of the mode of inheritance of important characters of leading 
crop plants, such as corn, a typical cross-pollinated plant, and the small grains, such as 
wheat, oats, and barley, typical close-pollinated plants, have been included to illustrate to 
the reader and student the value of a knowledge of inheritance as an aid to the planning 
and development of breeding programs. The present status of corn breeding, the leading 
cross-pollinated economic crop plant, is reviewed in considerable detail, since many of the 
studies made with corn and the results obtained therefrom are basic to a complete under- 
standing of principles of breeding, particularly for other cross-pollinated plants. 

The authors have emphasized, and rightly so, the newer developments in plant- 
breeding methods that have contributed much to crop improvement. These include 
polyploids in relation to plant breeding, colchicine as a polyploidizing agent, linkage 
groups in barley and corn, convergent improvement in corn, the artificial production of 
epiphytotics of the rusts and smuts of the small grains, wheat-meal fermentation tests, etc. 
Special emphasis also is placed on the value of backcrossing and backcrossing-breeding 
programs to obtain more quickly certain goals in plant breeding. 

The chapter on seed production presents valuable information on the first increase of 
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seed of a new variety, seed certification and registration, crop improvement associations, 

etc. 

Ill tlie preparation of this new book, it is evident that the former well-known and 
widely used text ^ ^ Breeding Crop Plants, ^ ^ by H. K. Hayes and B. J. Garber has been used 
freely. It, therefore, may be stated in all fairness to the authors that ^ ‘Methods of Plant 
Breeding’’ is “Breeding Crop Plants” revised, brought up-to-date with the addition of 
much new knowledge, particularly of cytogenetics, methods of field-plot technique, experi- 
mental designs, and statistical analysis. In short, it is a much more complete book than 
its predecessor, and undoubtedly will receive wide recognition. 

The book is well organized, with the possible exception of the chapter on seed 
production, which may belong more properly to a text on crop production. It is well 
written and quite free from errors of diction, spelling, etc., and is very readable. In 
general, this is the most concise, yet complete, text on the subject which has ai)peared to 
date. As a consequence, “Methods of Plant Breeding” should meet with almost universal 
favor among all classes of students and research workers who are interested in crop 
improvement through plant breeding. 

The book is adequately documented with a list of 401 literature citations. These 
include the more important contributions by workers to plant genetics, plant breeding, 
and other closely related subjects, and will be of great value to the student for reference. 

A glossary of genetic, plant-breeding, and taxonomic terms follows the section on litera- 
ture citations. There is appended a group of tables presenting values and constants 
employed in statistical analysis. These necessary tables contribute much toward a 
“rounding out” of the text. They also add much to its usefulness. 

If the book is deficient in any respect, it is in the number of illustrations. More 
illustrations of an appropriate nature ’wmuld have materially improved the text j especially 
at this time when pictures and drawings are being used more and more to present cardinal 
facts in all fields of endeavor. Modern textbooks also call for some colored pictures for 
illustrating certain pertinent subjects, and add much to their appearance and value. 

Unfortunately, a few of the halftones used in the book are quite poor and should be 
replaced by better ones in the first revision by the authors. — T. E. Stantont, Division of 
Cereal Crops and ^Diseases, Bureau of Plant Industry, U. S. Dept, of Agriculture, 
Washington, D. C. ^ 

Eeed, Howaeu S. a Short History of the Plant Sciences. The Chronica Botaniea j 

Company (Waltham, Massachusetts). 1942. 320 pp. $5.00. 

This book is designed for the average graduate student in our universities, rather than I 
for the specialist in science or in history. Becognizing the limitations of one individual 1 

in treating a subject so broad as the history of the plant sciences, the author has chosen s 

to deal chiefly with subjects with which he felt more familiar, referring the reader to 
recent works in which other writers have treated certain important fields (systematic 
botany, phylogeny, paleobotany, genetics, plant breeding, evolution, and recent wmrk on 
growth, tropisms, and hormones). 

The book contains 320 numbered pages and 37 figures. The chapters and the pages 
devoted to each are as follows: Introduction, gardeners and herbalists of antiquity, 23; 
the nascent period, 15 ; the retrogressive period, 12 ; the renascent period, 24 ; the seven- 
teenth century, 14; the eighteenth century, 18; gardens and other things, 13; plant 
geography in the nineteenth century, 9 ; morphology, 19 ; cytology, 22 ; the w’^ater economy 
of plants, 21; the fixation of carbon by plants, 18; the assimilation of nitrogen, 12; the 
fixation and metabolism of nitrogen, 14 ; plant nutrition, 13 ; mineral constituents in 
metabolism, 12; mycology, 19; plant pathology, 24; significant names in the history of 
botanical science, 1. 

The author observes that perhaps he has spent too much time on early developments. 

The reviewer regards the eight chapters that trace developments from the dawn of history 
through the eighteenth century as one of the most valuable parts of the book. Here a very 
scattered and difficultly accessible literature is given scholarly and w'ell-documented 
treatment. 

A short history of the plant sciences encounters heavier going in the chapters in 
wdiich the several fields are treated. Out of a great mass of material that has not yet re- 
ceived adequate historical interpretation and evaluation by workers in the fields concerned, 
contributions are selected and interpreted. On the whole one marvels that a single indi- 
vidual, even with the benefit of counsel from colleagues in several fields, should have 
covered so much so well. Nevertheless, the reviewer finds many places, especially in the 
fields with which he is more familiar, in which he would prefer a different selection of 
material or a diffierent interpretation. In the chapter on mycology, for example, Micheli ’s 
epoch-making work receives four lines, without mention of its nature or interpretation of 
its significance. Yet, Fontana, whose contribution was minor in comparison, is given more 
than a page. No mention is made of Buller’s valuable account of Micheli ’s work in its 
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historical setting. What was more fundamental to the early development of mycology and 
the mycological basis for pathology than Mieheli experimental demonstration that fungi 
reproduce by means of spores and are therefore autonomous organisms, rather than 
evanescent products of fanciful or superstitious origin? 

A difficulty inherent in the plan of the work is encountered in the attempt to trace 
the development of major lines of research to their current position. It is not surprising 
that in covering so broad a field and including recent work some minor contributions 
receive consideration, while others of much more significance do not, and that in some 
cases the position of the problem has been drasticallly changed by recent work not treated. 

An error that should be corrected is the assignment to the career of Winogradsky 
in the list of 50 significant names in the history of botany the closing date of 1934. 
Colleagues advise the reviewer that Winogradsky was very much alive in 1938 and, insofar 
as they are informed, may still be. 

The book should very usefully serve the purpose for which its author designed it, a 
guide to reading in the history of the plant sciences. As such it should be very welcome, 
not only to the graduate student, but to all who are seriously interested in its field. It 
should not be mistaken for what it was not intended, a definitive and authoritative history 
of this broad field. This can be written, if ever, only after developments in the many* 
branches of plant science have been adequately interpreted and evaluated by those inti- 
mately familiar with the fields concerned. It is to be hoped that Professor Peed^s 
stimulating work will encourage those who cultivate the several fields of plant science 
to put their historical houses in order, so that students may be able to see the development 
of their science in its true perspective and the task may be lightened for future writers 
who have the courage, energy, and talent to attempt to treat the history of broader fields. — 
G. W. Keitt, University of Wisconsin, Madison, Wisconsin. 


THE WAR EMERGENCY COMMITTEE OP THE AMERICAN 
PHYT0PATH0L06ICAL SOCIETY 

At tlie Dallas Meeting of tlie American Phytopathological Society, after a panel 
discussion lasting the entire afternoon, action was taken authorizing the appointment of 
a War Emergency Committee of the Society, the personnel of which w^as published in the 
September, 1942, issue of Phytopathology. 

The general objectives formulated by the committee are as follows: 

1. Provide for more adaquate plant-disease quarantines, foreign and domestic, to 
guard against introduction and distribution of new and destructive disease organisms. 

2. Intensify plant-disease surveys to detect as soon as possible new plant-disease 
introductions and show where control efforts should be concentrated. 

3. Summarize and codify known control measures, make them easily comprehensible 
and available to extension men and growers, and encourage more adequate extension work 
in plant pathology. 

4. Attempt to get necessary priorities on chemicals and machinery used in controlling 
diseases. 

5. Concentrate effort on necessary experimentation and research designed to improve 
the effectiveness and economy of plant-disease control measures, by cultural practices, 
chemical treatments, and resistant varieties. 

6. Summarize, and make available information regarding preservation of food and 
other products in storage and transit, and provide for necessary studies to meet new 
situations, 

7. Scrutinize present basic and long-time research projects with a view to procuring 
support for those designed to yield facts and principles on which important procedures 
are based and those that could not he interrupted without serious loss of materials, ac- 
cumulated results, and experience, 

8. Maintain adequate personnel. 

It is desirable and necessary to cooperate to the utmost with the United States De- 
partment of Agriculture, the State Colleges of Agriculture and Agricultural Experiment 
Stations, the National Eeseareh Council, industrial organizations, and all other agencies 
that may he useful in the attainment of the general objectives. 

All of the subcommittees are functioning and have agreed to issue brief monthly 
reports and occasional summaries of pertinent information. 

At the Summer Meetings of The American Phytopathological Society, at Toledo, 
Ohio, June 25 and 26, 1942, considerable time was devoted to a discussion of the work 
of the War Emergency Committee as a whole, and to reports of the subcommittees. Fol- 
lowing is a brief summary of the viewpoints expressed and the actions taken: 

It is being recognized increasingly that ^ ^ Pood will win the war and write the peace ^ ’ 
as expressed by Secretary of Agriculture, Claude E. Wickard. It is evident that there 
are now very important problems in protecting crop plants against diseases; that the 
problems become more acute because of shifts«iii crop production required by the exigen- 
cies of the war, and because of the increased importation of prox3agative parts of lolants 
from other countries and wider distribution within the United States. 

To aid agriculture in its immediate war job, research plant pathologists are crystal- 
lizing accumulated research results into simple instructions on how best to check losses 
from serious plant diseases of important war-time crops, or Victory Gardens. They also 
are directly assisting extension workers and others in planning effective disease-control 
programs after studying local conditions and adapting slientifie findings to local needs 
and resources. This involves a type of engineering study, or clinical investigation, 
essential to successful application, on the farm, of knowledge coming from basic research. 
Special short-time emergency studies and pilot tests, indispensable to efficient war ]»ro- 
diietion, were recognized as suitable for support from aj^iiropriate federal-grant finals. 
The great value of voluntary teamwork shown by the Society's group research activities 
argues in favor of handling many war-time regional and national plant-disease problems 
through similar cooperative arrangements. 

The following fields of research were cited as among those important to the Nation ’s 
war effort: A better organized Nation-wide plant disease survey service, fostered by the 
survey subcommittee, for effective direction of crop protection programs ; work on new 
and improved fungicides and crop-protection methods led by the fungicide subcommittee; 
development of disease-resistant crop varieties with coordinated local tests under special 
subcommittees; research led by the seed-certification and seed-treatment committees on 
problems basic to certification or treatment of seed and planting stocks to reduce losses 
from seed- and plant-borne diseases ; research on rotations, chemical treatment, and cul- 
tural management of soils to reduce losses from soil-borne diseases; coordinated research 
on virus diseases of plants with entomologists helping on insect carriers; prompt inves- 
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tigatioii of newly discovered, potentially destructive plant diseases j research on diseases 
of new crops being grown to meet war-time shortages of oil, fibers, drugs, spices, etc.; 
more general study of soybean diseases; and work on effective home-made dusting, spray- 
ing and treating equipment where commercial equipment is unavailable. 

The Society was urged to setup as a war measure a plan for cooperative preparation 
of annual summaries of progress in various fields of plant-disease research with the help 
of the subject-matter subcommittees under the Society’s War Emergency Committee. 

The subsequent general discussion brought out the fact that the Society’s national 
and regional war emergency organization was well adapted for prompt exchange of re- 
search information. The necessity for adequate, coordinated plant-disease survey work 
was repeatedly emphasized. Helpfulness of specialists in performing identification for 
eolleagues was commended. The Flant Disease Eeporter was declared useful in facil- 
itating such collaboration and for prompt dissemination of important new findings. Vol- 
untary cooperation for adequate attack on many plant-disease i;)roblems was stressed. • 
The tremendous national importance of plant-disease eradication and control programs 
was said to demand their maintenance at highest efficiency during the emergency. 

Shortage of plant pathologists was declared to call for courage to discontinue work 
on diseases of plants not vital to the war effort to give more time for effective apifiication 
of available research information. It “was stated that growers of ornamentals would still 
demand assistance on their problems. Discontinuing fundamental studies, regardless of 
the plants involved, was held to be dangerous from the standpoint of the public interest. 

It was generally agreed that basic research, designed to elucidate principles on which 
control measures must rest, is even more important in war-time than in peace-time, in 
order to avoid mistakes in the present and to lay a solid foundation for future procedures. 

At a later session the need was discussed for research workers to assist in preparing 
an up-to-date, periodically revised manual of plant-disease control with recommendations 
for extension use throughout the country. Local pilot tests were held essential for 
successful local application of research findings and, also, for local education through 
their demonstration value. In a debate as to whether research, or extension workers 
should conduct such tests, it was claimed that in general the research man should, if 
possible, direct such work, but that highly effective results usually arose from cooperation 
between experiment station and extension service workers, including county agents. 

Theoretically county agents are supposed to do a great deal of extension work in 
Plant Pathology. It is perfectly clear, however, that they have so many different kinds 
of things to do that relatively few of them are competent to i^lay the part expected of 
them in disseminating information regarding plant disease control. 

It was pointed out that losses from preventable diseases are still appalling. Epi- . 
demies often rage unchecked because proper control measures either are not taken at all 
— because they are not adequate, or because information regarding control measures had 
not been disseminated widely enough and at the proper time because of lack of sufficient 
trained personnel. One of the first and most important duties of plant pathology is 
prompt dissemination of information regarding the best available control measures. 
This responsibility cannot be discharged properly under present conditions. A survey of 
the situation with respect to extension plant pathologists in the country indicates that 
very few states have an adequate extension service. Some have no extension plant pa- 
thologist at all, and some of the most important agricultural states have but one such 
specialist, when two or three are needed. In only very few states can the situation with 
respect to extension work be considered satisfactory. Pathologists themselves are trying 
to do what they can by assembling and exchanging information, but the situation cannot 
be alleviated properly until more men are made available for this very important phase 
of insuring the Nation’s supplies of essential materials from economic plants. 

It was emphasized repeatedly that plant pathologists are finding difficulty in getting 
necessary things done because of the difficulty in retaining research assistants assigned 
to important problems. It was generally recognized that much research necessarily must 
be done by younger men, who are relatively free from distractions due to administrative 
work, public services and teaching. The national committee was instructed to study the 
situation and find out whether the special abilities of men subject to draft could not be 
used on important pathological problems, either in the places where they are now working, 
or in the armed forces. It was emphasized also that the depletion of the ranks of scien- 
tifically trained men constitutes a serious menace not only to present essential services to 
agriculture, but that it also jeopardizes the future of the discontinuance of certain basic 
researches that are essential in furnishing a basis for intelligent action in plant-disease 
control measures. Prospects are that there may be some alleviation of this situation. 

Reports on Equipment priorities” and ^^The activities of the fungicide commit- 
tee, ’ ’ given at the Summer Meetings, are appended. 

EQUIPHENT PRIORITIES 

Throughout the current year all permitted production of spraying and dusting ma- 
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cliiiiery, as Avell as all farm equipment, lias been on tlie basis of a quota based on the 1940 
sales of the same type machines. 

The 1942 per cent quota of 1940 for the period November 1, 1941 to October 31, 1942, 
and effective Becember 31, 1941 Avas as follows: Power Sprayers (not inch engine) — 97; 
Traction Sprayers — 85; Hand Sprayers (capacity less 6 gal.) — 100; Sprayers (capacity 
6 gal. or more) — 98; Spray Pumps, power — 96; PoAA^er Busters — 103; Traction Busters 
— ^94; Hand Busters — 100; Attachments and Parts (including repairs on sprayers and 
dusters) — 140. 

March 30, 1942, the above per cent quotas were revised in the case of Traction Bust- 
ing Machines and Hand Busters to 103 for Traction Busters and 110 for Hand Busters. 

Priorities made it j)ossible to secure materials for production of the above quotas only. 
These priorities expire June 30. 

Beginning July 1, 1942 production for next season goes on a quarteidy basis and 
each manufacturer must submit to WPB a report which includes all the materials desired 
for production of machines during the quarter ending September 30. How much of 
this Avill be granted is, of course, not known. 

Prior to November 1 the Bepartment of Agriculture will advise WPB Avhat crop pro- 
duction they desire for 1943. On the basis of this, WPB will then decide on and authorize 
a per cent quota of production of sprayers and dusters for 1943 use. There is no present 
knoAvledge on what this will be. 

It is probable that in September a small per cent advance production of sprayers 
and dusters will be permitted. Whatever the total production authorized for 1943, a good 
production of repair parts probably will be permitted. 

Canadian manufacturers of farm equipment have already been noticed that their 
1943 production will be on a basis sufficient to permit the manufacture of 25% of complete 
machines made by them in 1940, and 150% of repairs made during that year. 

REPORT OP THE FUNGICIDE SUBCOMMITTEE 

The committee Avas instructed (1) to procure information on supply and consumption 
of fungicides; (2) to seek priorities, if necessary; (3) to organize nation-wide research 
on substitutes and dosage. 

At present the War Production Board lists copper and copq)er scrap at the top of the 
list of critically short materials. They Avrite that estimated consumption exceeds supply 
by half. On the list also is formaldehyde, diphenyl amine, chlorinated hydrocarbons, 
chlorine and phenols. Clearly, these chemicals cannot be freely used in substitutes. The 
War Production Board lists borax, carbon tetrachloride, casein, mercury and zinc in the 
group of less critically essential materials. 

All fungicidal materials have been given a blanket AlO priority. Some are assigned 
a higher rating. Mercury is limited to 80 per cent of 1941 and prohibited for turf 
fungicides and wood preservation. Bespite its short position, copper will be available in 
nearly normal quantities for 1942. 

Nineteen collaborators over the country have agreed to do research on dosage and 
substitutes. 

Most pathologists, especially those who are familiar with manufacturing problems, 
agree that the ^'best substitute for copper is copper.’^ Therefore, the most productive 
research is to look into methods for ^ ‘ stretching supplies. ^ 

Some of the methods of stretching supplies to be investigated are: dilution, effieieney 
of application, particle size, and synergism Avith other compounds. Some of these factox's 
have been studied in the past in relation to control. They should now be eAnluatod in 
terms of dose required for an equal level of control. Interactions of copper and sulphur 
have been studied. It was reported at the meeting that sulphur and cuprous oxide act 
synergistically not additively, so that the copper can be extended several fold. 

Substitutes have been actively under study. On April 10 the committee mailed a 
list of 23 materials known to have fungicidal value. Since then a supplementary list of 
265 organic compounds was investigated at New Haven under committee ausx>ices. A 
tentative mimeographed report on these was distributed at Toledo. A more complete 
repoib will be given at the Winter Meetings at New York. 



THE GERMINATION OP FUNGOUS SPORES IN RELATION 
TO CONTROLLED HUMIDITY 

C.N. Clayton 1 
(Aeceiated for publication March 11, 1942) 

Water, either liquid or vapor, has long been recognized as essential to the 
germination of spores of most pathogenic fungi. Furthermore, high atmos- 
pheric humidities are known to favor the initiation of infection of plants by 
fungous pathogens and the subsequent development of epiphytotics of plant 
diseases. However, fully convincing experimental data on the relation of 
high relative humidities to the germination of spores of most phytopatho- 
genic fungi have been lacking, because of the difficulties of controlling the 
experimental conditions with such accuracy as to preclude the possible inter- 
vention of minute amounts of liquid water. The investigation reported 
herein was undertaken (1) to develop an accurate method for spore germina- 
tion experiments at high relative humidities, and (2) to determine the rela- 
tion of relative humidity to the germination of spores of certain phytopatho- 
genic fungi. 

LITERATURE REVIEW 

Before humidity relations of fungi could be studied, suitable methods for 
controlling relative humidities had to be devised. In 1895 Lesage (18) made 
use of the vapor-pressure values of different concentrations of NaCl in one 
of the earliest attempts to determine the effect of relative humidity upon the 
germination of spores of Penicillmm glaucum. The method for studying 
the humidity relations of fungi in culture by the use of aqueous solutions of 
H2SO4 was first described by Stevens (27) and further elaborated by Wilson 
(33). A laboratory method for maintaining constant humidity by means of 
saturated solutions of various chemicals was given by Spencer (26) . Sweet- 
man (29), in investigating the use of saturated solutions for the control of 
relative humidity in small closed containers, found that humidities obtained 
with certain saturated solutions did not change within 6 months. Critical 
discussions of the use of saturated salt solutions and of aqueous solutions of 
KOH, CaCh • 6H2O, and H2SO4 to control the relative humidity have been 
presented by Hopp (16), Zwolfer (35), and others. Shaw (22) calculated 
from osmotic pressure values the relative humidities that solutions of sucrose 
of various weight-normal concentrations would provide at 25° C. Vernon 
and Whitby (32) pointed out that air, bubbled through a bottle full of water, 
is not necessarily saturated and that the method of controlling the humidity 
by mixing desiccated air with such presumably saturated air is faulty. One 
of the disadvantages of using H2SO4 is that SO2 (35) or SO3 (30) may be 

1 Grateful acknowledgments are made to Dr. G. W. Keitt and to Dr. B. M. Duggar 
for their direction, advice, and kind criticism throughout these investigations and in the 
preparation of the manuscript. Thanks are given to Mr. Eugene Herrling for assistance 
in the preparation of the illustrations. 
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given off, especially if any organic material or particles drop into the solu- 
tion. 

Many observations and experiments on the relation of relative humidity 
to the germination of fungous spores have been made, chiefly, in conjunction 
with other lines of work, such as infection of plants, decay or deterioration 
of food products, and mildewing of textiles and book bindings. The data 
on the relation of relative humidity to spore germination in reports of such 
investigations cannot, in general, be considered highly accurate, because the 
conditions of the tests were not closely controlled, or, in many cases, they 
were not even stated. Such results may have been satisfactory for the pur- 
poses sought by the various investigators, but they can be considered merely 
indicative of the exact relation of humidity to the germination of fungous 
spores. In order to evaluate such data it is highly desirable to know the 
maximum fluctuation in the “constant’’ temperature at which tests are made. 

Contact with water has been reported necessary to germination of all 
types of spores of many rust fungi; some experimental tests, however, have 
indicated that germination can occur in atmospheres just below saturation. 
Blackman (2) reported that teliospores of Puccinia graminis, Phragmidnim 
ruMy and Uromyces fabae in a 'moist atmosphere germinated and formed 
normal sporidia, whereas, in hanging drops of water, spores produced long 
germ tubes that formed a few abnormal sporidia if the tubes came in contact 
with the air. Hirt (15) observed germination of teliospores of Gronartkm 
rihicola on Eibes leaves and the formation and discharge of sporidia at rela- 
tive humidities from 96 to 100 per cent. Sporidia of Cronartium riiicola, 
incubated on strips of cellophane for 48 hours at relative humidities ranging 
from 94 to 100 per cent, germinated abundantly at a humidity of 100 per 
cent, commonly at 99 per cent, and rarely at 97 per cent. Doran (8) stated 
that the aeciospores of Gymnosporangium clavipes germinated well on a dry 
slide in moist air. Smith (24) reported germination of urediospores of 
Puccinia sorghi on a dry substratum at relative humidities from 97.5 to 100 
per cent. Stock (28) found that urediospores of Puccinia triticina, P. dis- 
persa, P, coroniferay and P. graminis on dry slides failed to germinate at 
relative humidities below 99 per cent. Hemmi and Abe (14) stated that the 
average germination of urediospores of Puccinia gUimarum, P. iriticma, and 
P. loin on dry slides at relative humidities of 100, 99, and 95 per cent, respec- 
tively, ranged between 12 and 40, 1.5 and 16, 0 and 0.5 per cent. 

That conidia of some powdery mildew fungi would germinate on glass 
slides or leaves in moist air was mentioned as early as 1884 (25). Corner 
(7) mentioned that conidia of Erysiphe graminis, Podosphaera leucoiriclia, 
Sphaerotheca pannosa, E. cichoracearum, and Oidium euonymi-japonici, 
when immersed in water, produced a short germ tube or, commonly, none 
at all, whereas on dry glass in a saturated atmosphere they germinated read- 
ily. Berwith (1) concluded that a high atmospheric humidity was essential 
for the germination of the conidia of the apple powdery mildew fungus. 
Dundas (9) found that spores of Erysiphe polygoni ivom bean would ger- 
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minate on dry slides at ordinary room humidity, as well as on water. Yar- 
wood (34) reported that at favorable temperatures conidia of Erysiphe 
polygoni from red clover or bean germinated at relative humidities of 100 
to approximately 0 per cent. Hashioka (13) reported that conidia of 
Sphaerotheca fuliginea germinated only in the saturated condition and were 
unable to germinate in relative humidities below 99 per cent. Longree (19) 
made a careful and thorough study of the effect of temperature and relative 
humidity on the germination of conidia of Sphaerotheca pannosa var. rosm. 

In germination tests with conidia dusted on dry glass slides she experienced 
great difficulties in obtaining relative humidities close to 100 per cent with- 
out getting condensation. She accomplished it by means of a special humid- 
ity-control chamber in which temperature, and relative humidity, could be 
strictly controlled. The germination was excellent at a relative humidity 
of about 97 to about 99 per cent, somewhat lower at 99.8 to 100 per cent, very 
low at 95 per cent or below, and zero below 75 per cent. Germination of 
conidia dusted on leaves of rose shoots kept in a controlled environment was 
reduced as the atmospheric humidity of the environment was decreased ; but, 
in general, spores on the surfaces of leaves germinated in an apparently 
very dry atmosphere. Brodie and Neufeld (3) reported germination of 
conidia of Erysiphe polygoni from Delphinium and from Polygonum avion- 
lare and of Erysiphe graminis from Poa pratensis through a range of rela- 
tive humidity from approximately zero to 100 per cent. 

Guba (12) found that at least a relative humidity of 95 per cent was 
required for germination of the conidia of Cladosporium fulvum on dry 
glass. ^ 

Chowdhufy (4, 5) attempted to determine the relation of relative humid- 
ity to the germination of spores of certain Indian fungi. Spores were placed 
on dry cellophane squares, previously soaked in 1 per cent glucose solu- 
tion. The squares were then suspended over NaCl or H2SO4 solutions in 
stoppered bottles. His results indicated that the minimum relative humidity 
at which germination occurred was 90 per cent with spores of Acrotheemm 
penniseti, Alternaria ira^sicae, and Cladosporium herharum; 91 per cent 
with spores of Helminthosporium frumentacei; 93.9 per cent with spores of 
Gloesporium tabernaemontanae^ and Pkyllosticta cajani; and 95 per cent 
with spores of Collet otrichum falcatum^ C. lindemuthianum^ and C. gramlni- 
colum. 

Tomkins (31), in tests at ‘‘known temperatures,’’ observed spores of 
Alternaria citri germinating at relative humidities of 90.9 to 100 per cent. 
He concluded that the influence of the nature of the solid surfaces support- ' 
ing the spores could be neglected, since the average lengths of gei*m tubes 
from spores on quartz, glass, Canada balsam, dammar, or shellac did not 
show any consistent differences. 

Groom and Panisset (11) reported a minimum relative humidity of 81 per * 
cent for germination of the spores of Fenicillium ckrysogenum. 

Galloway (10) studied the moisture requirements of about 40 species of 
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tlie more common mold fungi in reference to mildew in textiles. Spores 
were placed on dry squares of cellopliane that had been soaked in dilute wort 
of 1 per cent maltose content. The squares were suspended over CaCh solu- 
tions in stoppered bottles. On such nutritive substrata the lowest relative 
humidity at which germination occurred was between 75 and 90 per cent for 
different species of Aspergillus, 80 and 85 for species of Penicillium, 85 and 
90 per cent for Trichoderma, 90 per cent for Stemphylium, Gladosporium, 
AcrotJiecium, or Stachyhotrys, and 95 per cent for Thielaviopsis, 

METHODS AND MATERIALS 

Saturated aqueous salt or acid solutions, aqueous sucrose solutions, an- 
hydrous CaCla, and redistilled water were used to control the relative humid- 
ity within sealed 1-quart glass fruit jars used as humidity chambers. Salts 
or oxalic acid of analytical reagent grade, G.P. analyzed sucrose, and redis- 
tilled water from a block-tin still were used in preparation of control solu- 
tions (Table 1). The chambers were thoroughly cleaned and rinsed with 


TABLE 1. — Composition and concentration of solutions used to provide the stated 
theoretical relative humidities within sealed glass chambers at C. 


Material used 

Concentration 
of solution 

Theoretical 
relative humiditya 

Redistilled water 

Sucrose 

0.10 molal 

Per cent 

100.0 

99.85 

Sucrose 

0.20 “ 

99.62 ' 

Sucrose 

n0.30 

99.43 

Sucrose 

0.40 

99.24 

Sucrose .:... 

0.50 

i 99.04 

Sucrose 

0.60 '' 

98.86 

Sucrose 

0.70 

98.65 

Sucrose 

0.80 " 

98.45 

Sucrose 

0.90 

98.24 

Sucrose 

1.00 

98.03 

* H AOl • 2H20b ^ 

Saturatedc 

96.0 

Na,HP 04 • I 2 H 2 O 

i c 

• 95.0 

-NaSO, • IOH 3 O 


93.0 

K 2 HPO 4 

i ( 

9^.0 

K<,Cr04 

<< 

88.0 

(NH4).S04 

C~{ 

. ' -:8i.o 

Mg(OoHA)2-4HoO 


65.0 

Ca(N03)2*4HoO 

K 

55 0 

CaCls -eHsO r... 

( ( 

32.0 

KOAO 3 

(( 

20.0 

OaCL (anhydrous) 

^ 

0.0 


a Calculations for sucrose solutions based on data from Morse, et al. (20) and data 
for saturated solutions taken from Spencer (26) except as indicated in b. 
b Based on Obermiller’s (21) and Shawls (22) measurements. 

c An excess of solid phase was maintained in contact with the liquid phase of each 
saturated solution. 

redistilled water. The rubber gaskets for the chambers were washed in CS 2 
for 10 minutes and dried at least '^4 hours before they were used to remove 
any sulphur present on their surface* The amount of solution, or water, 
used in each chamber was 250 cc. In the saturated solutions (26) an excess 



1942] Clayton: Germination op Fungous Spores 925 

of the solid phase was always maintained. The theoretical relative humidi- 
ties that various molal solutions of sucrose would provide in closed chambers 
were calculated by dividihg the vapor pressures of the sucrose solutions by 
the vapor pressure of water at 20° C. The vapor pressures of the sucrose 
solutions were calculated from the osmotic pressure values (27) . 

After adding the required amount of sucrose and 230 cc. of redistilled 
water to each of the humidity chambers, they were sealed and steamed at 


Fig. 1. Wire-mesh basket containing humidity chambers. 


70° C. for 10 minutes to inactivate enzymes possibly present in the sucrose. 
After the chambers had cooled, 50 mg. of K 2 Cr 407 , contained in 20 ee. of 
solution, were added to the sucrose solution in each chamber to prevent 
growth of organisms (6). Calculations showed that the K 2 Cr 407 , assuming 
complete ionization, would theoretically lower the relative humidity within 
the chambers by 0.0003 per cent. 

All experiments were made for 24, 48, or 72 hours in a water bath whose 
temperature was thermostatically controlled at 20° ±: 0.02° C. During each 
series the temperature of the water bath, as indicated on a Beckmann ther- 
mometer that could be read to 0.01° C., was recorded at frequent interval 
The temperature of the water bath also was continuously recorded by mei 
of a soil thermograph sensitive to changes of 0.2° C. or more. The room 
which the experimental apparatus was assembled was kept at a temperatu: 
of 18°~20° C. and a relative humidity between 30 and 50 per cent. 
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To minimize stratification of the atmosphere or the solutions within the 
chambers the apparatus shown in figure 1 was used. The wire-mesh basket 
held 16 humidity chambers submerged in the water bath. The basket, on a 
brass rod support at its middle, was rocked to an angle of 17 degrees at a 
rate of 6 times a minute by means of a mechanical rocker arm connected to 
a gear reducer. An electric motor continuously operated the gear reducer 
and the water-bath agitator. The gentle rocking of the chambers caused no 
splashing of the solution within them. 

Each series was maintained in the dark, exclusive of the short periods 
of diffuse light from the heating unit and the periods of several hours a day 
when a 150-watt electric bulb was used in tlie room in order that the neces- 
sary observations and experimental work could be performed. The exposure 
of the spores to rather diffuse light during these periods is believed to have 
been an insignificant factor affecting germination. 

Experiments were made with conidia of Sclerotinia fructicola (Wint.) 
Eehm; ascospores and condia of T enhiria inaequalis (Cke.) Wint.; uredio- 
spores of Puccinia coronata (Pers.) Cda., P. graminis iritici Eriks, and 
Henn., and P. graminis avenae Eriks, and Henn. ; chlamydospores of 
Ustilago hordei (Pers.) K. and S. and P. nuda (Jens.) K. and S. ; conidia 
of Erysiphe polygoni DC. from red clover {Trifolmm pratense L.), cabbage 
(Brassica oleracea L.), and evening primTOBe {Oenothera hiennis L.) ; and 
conidia of E. graminis hordei Marchal from barley (Hordeum vulgar e L.) 
Precautions were taken to use as uniform spore material as w^as feasible. 

Spores on or in drops of redistilled water on several clean cover glasses 
on glass slides in Petri-dish moist chambers at room temperature served as 
controls in each series. 

Spores were dusted, brushed, or discharged naturally over the glass, 
paraffin, quartz, or leaf surfaces that served as spore-carriers (Fig. 2). 
Each carrier was then attached with paraffin to one end of a small glass 
rod. The other end of the rod was heated and imbedded in paraffin inside 
one of 4 Yan Tieghem rings that had been sealed with paraffin to the inner 
part of a glass top of a humidity chamber. As many as 8 spore carriers 
could be attached to a single top within 2 minutes. This top was then sub- 
stituted for one on a chamber in equilibrium with the water bath. The 
entire operation of removing a chamber, drying, making the substitution, 
and returning the chamber could be completed within 30 seconds. 

Different solid substances were used as spore-carriers to determine (1) 
whether the tendency for condensation of water vapor on them varies to a 
degree sufficient to cause differences in germination at high relative humidi- 
ties, or (2) whether differential effects might be exerted by minute amounts 
of soluble materials emanating from the spore-carriers. Non-nutritive 
spore-carriers were used, because the presence of extraneous materials on 
their surface probably would affect the relative humidity surrounding the 
spores. The glass surfaces were those of dry cover glasses that had been 
thoroughly cleaned in hot acid cleaning solution, rinsed several times in dis- 
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tilled water, placed over night in redistilled water, and dried with clean 
cheesecloth. The paraffin surfaces were those of cover glasses, thinly coated 
with imported white filtered paraffin with a high melting point, 68°-72° C. 
Prior to its use, the paraffin was kept at 85° C. for two weeks in order to rid it 
of any possible volatile materials. Clean pieces of fused or ground quartz 
were used in a limited number of series of experiments. The ventral leaf 
surfaces used in one series were portions of a large uninjured mature leaf 
from a potted Pameuse apple tree growing in the greenhouse. Disks 2.5 cm. 
in diameter were cut from the leaf with a cork borer. A disk was placed 



Pig. 2. Spore carriers attached by means of glass rods to the top of a humidity 
chamber. 

on each of several cover glasses with the dorsal surface adjacent to the glass. 
Paraffin was used to seal the margin of the disk to the surface of a cover 
glass. After 24 hours in the chambers the disks were cleared in a solution 
of glacial acetic acid-ethyl alcohol. Care was taken to avoid dislodging any 
of the spores during the clearing; they, however, adhered tenaciously and 
were not easily dislodged. 

To facilitate taking counts and to kill the spores at the end of each test, 
the spores usually were stained with aqueous crystal violet solution or with 
cotton blue in lactophenol. The spore carriers were mounted on slides, 


928 


Phytopathology 


[VoL. 32 


using a rosin-lanolin mixture (23) for sealing the margins. Spores care- 
fully mounted in such manner remained in satisfactory condition for many 
months. 

Experimental data were expressed in percentage germination and in 
length of germ tixhe. Counts of the number of germinated and nongermi- 
nated spores in 3 to 10, usually 5, random samples of 100 spores each were 
made on every spore-carrier. Replicate spore carriers of each type of sur- 
face and replicate chambers at each relative humidity were usually used in 
2 to 8 series with spores of each fungus. Therefore, the total number of 
spores of a fungus that was counted at each relative humidity on the glass, 
paraffin, quartz, or leaf surface ranged between 300 and 50,000. Measure- 
ments of the length of germ tubes from 25 to 150 germinated spores taken 
at random were made at the various relative humidities in several series 
with most fungi used. 

EXPERIMENTAL RESULTS 
Conidia of Sclerotinia f ructicola 

Colonies of a monoconidial isolate of Sclerotinia f ructicola were grown 
on a malt-agar medium in Petri dishes at 20° C. Tufts of conidia under 4 
days of age were touched lightly with a camel-hair brush that had the hairs 
clipped short and of the same length. Extreme care was taken to avoid 
touching the surface of the agar medium with the brush. The spores adher- 
ing to the brush were dusted or brushed lightly over glass, paraffin, or quartz 
spore carriers used in tests at high relative humidities for periods as long as 
72 hours. 

The mean germination of conidia in redistilled water after 4 hours was 12 
per cent and after 48 hours 87 per cent, the means in the different series 
ranging between 65 and 97 per cent. The mean length of germ tubes from 
conidia in water after 3, 4, 6, 7^, 11, 16, and 22 hours, respectively, was 25, 
40, 72, 97, 148, 305, and 474 p. 

Single conidia on dry glass or paraffin did not germinate at relative 
humidities of 100 per cent or below in 2 experimental series for 24 hours, 
3 for 48 hours, and 1 for 72 hours, respectively. Likewise, single condia on 
quartz at relative humidities of 100 per cent or below for 48 hours failed to 
germinate. In a few rare instances, where a little agai: medium had been 
carried by the brush to the surfaces of the spore carriers, a few conidia ger- 
minated at high relative humidities. 

Ascospores of Venturia inaequalis 

Ascospores of Venturia inaequalis were discharged naturally from ma- 
ture perithecia in apple leaves that had been soaked in water for a few 
minutes and placed on wet filter paper in glass dishes inverted over dry 
cover glasses. Precautions were taken against wetting of spores and cover 
glasses. 

The mean germination of the ascospores on dry glass was high at a rela- 
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tive linmidity of 100 per cent, low at 99 per cent, and zero at 98.7 per cent 
(Fig. 3, A). The mean percentage germination at a relative humidity of 
100 per cent was slightly lower than that of controls in redistilled water in 
which the germination after 3, 4, 7, 16, 24, and 48 hours, respectively, was 36, 
66, 73, 97, 96, and 97 per cent. The mean germination at a relative humidity 
of 100 per cent after 24 and 48 hours, respectively, w-as 85 ±: 4 and 94 zb 2 
per cent. At relative humidities of 99.85, 99.6, and 99.4 per cent the pei'- 
centages of germination were progressively lower than at 100 per cent. The 
mean germination at a relative humidity of 99.6 per cent after 24 hours in 
5 series was 28.2 zb 5.4 per cent. At a relative humidity of 99 per cent the 
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Pig. 3. Relation of relative humidity to germination of spores of Venturia inaequaUs 
on glass at 20° ± 0.02° C. A. Ascospores. B. Conidia. 

mean germination in the various series ranged between 0 and 23 per cent, 
whereas no germination occurred at relative humidities of 98.7 per cent 
or below. 

The mean length of 50 to 150 germ tubes from spores in water and at 
various relative humidities for 24 hours and 48 hours, respectively, are pre- 
sented in figure 4. The relation of time to cumulative increase in length of 
germ tubes from spores in water also is shown. The mean length of the 
germ tubes was reduced with decreasing relative humidities. The mean 
length of the germ tubes at a relative humidity of 99.6 per cent was signifi- 
cantly less than at 100 per cent. 

Comparative tests were made with ascospores of Venturia inaequaUs on 
the surface of cover glasses, paraffin-coated cover glasses, and the , ventral 
surface of a mature apple leaf. The experiments were made in an attempt 
to determine whether the chemical or physical properties of the spore-car- 
riers might alter the relation of relative humidity to the germination of the 
spores. The number of spores counted on each surface at each relative 
humidity ranged between 300 and 1,700. 

Eesults from the comparative use of different surfaces as spore-carriers 
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Fia. 4. Eelation of water and relative linmidity to length of germ tubes of asco- 
spores of Venturia %%aequalis on glass at 20° + 0.02° C. 


are shown in figure 5. The variations in the percentage germination on the 
three types of surfaces were relatively small. Germination did not occur 
at a relative humidity of 98.7 per cent on any of the surfaces. While these 
data are too limited to justify conclusions, they suggest that the different 
surfaces used did not exert any important influence on germination. 



Pig. 5. Effect of various surfaces on the relation of relative humidity to gemiina- 
tion of ascospores of Venturia inequalis at 20° + 0.02° C. 
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Coniclia of Venturia inaequalis 

Conidia of Venturia inaequalis from scab lesions that Fad been macro- 
scopically visible for 3 or 4 days were brushed lightly over dry cover glasses. 
The lesions had been produced on vigorous leaves of a potted Fameuse apple 
tree in the greenhouse. A monoascosporic culture was applied to the tree as 
inoculum. Two to 4 series were made at relative humidities from 98 to 
100 per cent. The total number of spores counted at each relative humidity 
ranged between 1300 and 2700. 

The results, graphically presented in figure 3, B, indicate that the conidia 
and ascospores of Venturia inaequalis have similar relative humidity re- 
quirements for germination. The mean germination of conidia in water 
and at relative humidities of 100, 99.6, 99.0, 98.7, and 98.0 per cent, respec- 
tively, was 96 dz 2, 79 ± 7, 52 zt 4, 14 zb 8, 0, and 0 per cent. The germina- 
tion of the conidia was not quite so uniform as that of the ascospores. How- 
ever, it is noteworthy that neither conidia nor ascospores on dry glass germi- 
nated at relative humidities of 98.7 per cent and below. 

Conidia in redistilled water for 4 hours had germ tubes 10 to 15 p in 
length. The germination of conidia after 5i hours in water was 85 per cent, 
the average length of germ tubes being 20 p. The mean length of 25 germ 
tubes from spores in water for 24 hours was 146 p. 

Two comparative series of experiments for 24 hours were made with dry 
.conidia brushed from leaf lesions over cover glasses and with wet conidia 
obtained in suspension from leaf lesions and atomized over cover glasses. 
The water on the cover glasses with the wet conidia was dried in an air 
stream. The wet eondia were in water for a total period of 30 to 40 min- 
utes before they were dried. At relative humidities of 100, 99.6, 99.0, 98.0, 
and 92.0 per cent, respectively, the mean germination of the wet conidia 
was 74, 67, 9, 0, and 0 per cent, whereas that of the dry conidia, at the 
same relative humidities, was 79, 52, 14, 0, and 0 per cent. Evidently, the 
wetting of the conidia for 30 or 40 minutes did not appreciably affect either 
the minimum relative humidity at which germination would occur or the 
mean percentage germination at relative humidities from 99 to 100 per cent. 

Urediospores of Puccinia coronata, P. graminis tritici, and P. graiiiinis 

avenae 

Spore material of Puccinia coronata collected in Wisconsin and of P. 
graminis tritici race 56 and P. graminis avenae race 2 received from E. C. 
Stakman served to establish these fungi on susceptible plants on which in- 
oculum could be maintained. Subsequent inoculations were made on State ’s 
Pride (Wis. Ped. No. 7-7) oat seedlings or on Marquis spring- wheat seed- 
lings growing in the greenhouse. Urediospores were shaken or brushed 
lightly over a Avatch glass from uredia that had been macroscopically visible 
for 3 to 7 days on vigorous leaves. The spores were mixed lightly with the 
camel-hair brush with which they were dusted over the glass or paraffin 
spore carriers. One to 4 series for 24 hours and 1 to 2 for 48 were made 
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with spores of each fungus at humidities ranging from 92 to 100 per cent. 
A total of 500 to 5,000 spores was counted for each relative humidity on 
each type of spore carrier. 

The mean germination of spores of Puccinia coronata on or in thin drops 
of water on cover glasses was 83 per cent after 24 hours and 89 per cent 
after 48 hours. In one experiment the mean germination in water after 
4i hours was 95 per cent. The germination on glass at a relative humidity 
of 100 per cent was considerably lower than in water. At a relative humid- 
ity of 99 per cent the average germination on glass was 15 per cent after 24 
hours and 32 per cent after 48 hours. None of the spores on paraffin for 
48 hours and only 0.2 per cent of those on glass germinated at a relative 
humidity of 98 per cent. Spores on either glass or paraffin exposed to rela- 
tive humidities of 95 or 92 per cent for 48 hours failed to germinate. The 
percentages of germination of spores on paraffin at relative humidities of 99 
or 100 per cent were somewhat lower than those on glass. 

The mean length of the germ tubes from spores of Puccinia coronata on 
or in a thin drop of redistilled water was 192 p after 4i hours, 273 p after 
5| hours, and 468 p after 9 hours. The average lengths of the germ tubes 
after 24 hours on glass at relative humidities of 100, 99, 98.7, and 98 per 
cent, respectively, were approximately 555, 289, 172, and 76 p. The average 
length of the germ tubes after 48 hours was not appreciably greater than 
after 24 hours. The germ tubes at relative humidities of 100 per cent or 
below did not show nearly so much of the knotty or branching tendency as 
did the germ tubes of P. graminis at the same relative humidities. 

Spores of P. graminis trifici placed on or in redistilled water for 6 hours 
exhibited from 95 to 100 per cent germination. The mean germination on 
or in water on glass after 24 and 48 hours, respectively, was 98 and 97 per 
cent and on paraffin after 24 hours was 99 per cent. Germination of spores 
in water started before 2 hours had elapsed. The mean germination on glass 
at a relative humidity of 100 per cent was 81 per cent after 24 hours and 86 
per cent after 48. The percentage germination at a relative humidity of 99 
per cent was much less than that at 100, whereas, at 98 per cent, the per- 
centage germination was very small, being zero in some series. At a relative 
humidity of 95 per cent a few spores had very short germ tubes in one test 
on glass for 24 hours and in a test on paraffin for 48 hours. The percentage 
germination at a relative humidity of 100 per cent was slightly higher on 
paraffin than on glass, but the variations in percentages of germination be- 
tween the two surfaces in different series were not always consistent. 
Therefore, it is believed that the differences in the percentages of germina- 
tion between glass and paraffin at 100 per cent relative humidity were not 
significant. At relative humidities of 99 and 98 per cent in tests for 24 
and 48 hours, the percentage germination on glass was slightly higher than 
on paraffin. 

The mean length of germ tubes from spores in water after 2, 5, 6, 12, and 
48 hours, respectively, was 80, 200, 247, 654, and 590 p. The germ tubes of 
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spores on dry glass at relative linmidities of 100 per cent or less were very 
knotty or branched, whereas, in water, the germ tubes were only slightly 
knotted. Length of germ tubes decreased in direct relation to decrease in 
relative humidity. 

The results with spores of Puccinia graminis avenae were similar to those 
with P. graminis iritici. Spores on or in redistilled water for 9 hours pro- 
duced germ tubes averaging 390 p in length. Those in water on glass for 
24 or 48 hours, respectively, showed 87 and 99 per cent germination. The 
percentage germination of spores on glass at a relative humidity of 100 per 
cent was somewhat lower than in redistilled water, and at 98 per cent was 
very low. Germination on paraffin was, at most relative humidities, some- 
what lower than on glass. The mean lengths of the germ tubes from spores 
of P. graminis avenae after 24 hours at relative humidities of 99 and 98 per 
cent, respectively, were 150 and 58 p. 

A comparative series of tests with nrediospores of P'hiccinia coronaia^ 
P. graminis iritici, and P. graminis avenae was made. A glass and a paraffin 
spore carrier for each of the 3 fungi were placed in each of 4 humidity cham- 
bers at each of 4 relative humidities ; namely, 100, 99, 98, and 95 per cent. 
Two of the chambers at each relative humidity were used in a 24-hour series 
and the other two were allowed to continue in a 48-hour series. The number 
of spores counted on most of the spore carriers was 500, ranging between 
300 and 1000. The results (Fig. 6) indicate that the germination of the 
nrediospores of P. coronaia is slightly lower than that of the two stem rust 
fungi. The nrediospores of P. coronaia did not germinate at relative hu- 
midities of 98 per cent or below, whereas a low percentage of the uredio- 
spores of P. graminis iritici and P. graminis avenae did germinate at a rela- 
tive humidity of 98 per cent. 

Chlamydospores of Ustilago hordei and U. nuda 

The experiments with Ustilago hordei were made with chlamydospores 
that were brushed from a few smutted heads of barley into a vial where they 
were kept until used. In preliminary tests germination of the 6- to 8-month- 
old spores on water ranged between 30 and 57 per cent. Several series for 
48 hours were made on glass and paraffin at 8 relative humidities between 
81 and 100 per cent. A total of 1000 to 9000 spores was counted at each 
relative humidity. 

The results of two representative series are presented graphically in 
figure 7, A. In the controls spores on redistilled water started to germinate 
within 3 hours and germination after 48 hours on redistilled water on glass 
or paraffin was approximately 40 per cent. The mean germination on glass 
at a relative humidity of 100 per cent was less than half that on redistilled 
water. At a relative humidity of 99 per cent the mean germination was 
only slightly lower than at 100 per cent. The mean percentages of germina- 
tion on glass at relative humidities of 95, 98, 99, and 100 per cent, respec- 
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PUCCINIA CORONATA PUCCINIA CORONATA 




PUCCINIA GRAMINIS TRITICI 


PUCCINIA GRAMINISTRITIC! 



PUCCINIA GRAM IN IS AVENAE 




Pig. 6. Relation of relative humidity to germination of urediospores on glass and 
paraffin in a single series at 20° ±0.02° G. A, B. Fuccinia coronata. 0, B. P, grarniw 
tritici (race 56). E, F. P. graminis avenae (race 2). 
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tively, were almost always higher than on paraffin. Spores on glass or 
paraffin failed to germinate at a relative humidity of 93 per cent or below. 

Production of sporidia was fairly low on redistilled water, very sparse 
at a relative humidity of 100 per cent, and absent at 99 per cent or below. 

Long primary basidial hyphae grew from the basidia at relative humidi- 
ties of 100, 99, 98, or 95 per cent. The average lengths of the basidia, to- 
gether with the longest basidial hyphae at a relative humidity of 100 per 
cent after 24, 27, 35, and 48 hours, respectively, were 62, 81, 150 and 217 p. 
The basidial hyphae at the lower relative humidities at which germina- 


ustilago hordei 


USTILAGO NUDA 



PERCENTAGE RELATIVE HUMIDITY 



Fi0. 7. Eelation of relative humidity to germination of ehlamydospores at 20° + 
0.02° C. A. Ustilago hordei. B. V. nuda. 


tion occurred were only slightly shorter than those at the higher relative 
humidities. 

The ehlamydospores of Ustilago nuda were obtained from a few smutted 
heads of barley of Hybrid xl63. The germination of the ehlamydospores 
in or on water in preliminary tests ranged between 1 and 13 per cent. Two 
series were made for 48 hours on glass at various relative humidities from 88 
to 100 per cent. The total number of spores counted at each relative humid- 
ity ranged between 2,000 and 23,000. 

The results of the experiments on spores of Ustilago nuda are given in 
figure 7, B. In the controls the average germination was 2 per cent in redis- 
tilled water and 7 per cent on the surface of it. On dry glass at relative 
humidities from 100 to 95 per cent the percentage germination was higher 
than on water. The percentage germination at a relative humidity of 100 
per cent was significantly greater than at 98, whereas it was lower at 95 than 
at 99 per cent. At 93 per cent relative humidity or below no germination 
occurred in two series of experiments. 

The germ tubes from spores in water were relatively short; wffiereas, at 
relative humidities of 100, 99, 98, or 95 per cent, they were very long. The 
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average length of 25 germ tubes from spores in water and at a relative 
humidity of 95 per cent, respectively, for 48 hours was 33 and 222 p. 

Conidia of Erysiphe polygon! from Eed Clover, Cabbage, Evening Primrose 

and E. graminis horde! 

Conidia of Erysiphe polygoni from young sporulating lesions on young, 
fully expanded leaves of red clover growing in the greenhouse were shaken 
over a watch glass. The spores were stirred lightly with the camel-hair 
brush with which the conidia were later dusted over clean, dry cover glasses. 
These spore carriers were promptly placed at various relative humidities 
from 0 to 100 per cent. It should be noted that the conidia on mildew lesions 
from which spores were to be obtained were brushed off 24 hours prior to an 
experimental series. Germination at the start of the tests was almost in- 
variably zero and was never more than 1 per cent. 

Experiments were made with conidia collected in the early afternoon on 
bright sunny days. The results from a representative series are presented 
graphically in figure 8, A. The mean length of 75 germ tubes of conidia of 
Erysiphe polygoni at each of the various relative humidities is shown in 
figure 8, B. 




Pig. 8. Kelation of relative humidity to germination of conidia of JErysiphe polygoni 
from red clover and of E. graminis hordei in a single series on glass at 20° ± 0.02° C. for 
24 hours. A. Percentage germination. B. Average length of germ tubes of E. polygoni. 

Germination of the spores on water was mnch lower than at high relative 
humidities. The percentage germination at relative humidities of 98, 95, or 
88 per cent was usually higher than at 55 or 0 per cent. 

The germ tubes from spores at most relative humidities were relatively 
short in comparison to the length of the conidia. The average length of 75 
germ tubes from conidia after 24 hours at relative humidities of 0, 55, 88, 
95, 96, and 100 per cent, and on water, respectively, was 37, 48, 75, 78, 81, 91, 
and 102 \x. It is evident, therefore, that germ-tube length was in direct rela- 
tion to relative humidity. 
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The percentage of shriveled or dead spores at the begmniiig of the tests 
varied widely in different series. In one series, 21 per cent of the spores 
were shriveled at the start. At the end of the 24-hour series, the percentage 
of the spores shriveled at relative humidities of 0, 55, 88, 96, and 100 per cent, 
and on water, respectively, was 100, 82, 72, 63, 45, and 17. The vitality of 
many of the nonshriveled, apparently viable conidia was low, for they failed 
to germinate at the specific relative humidities. 

Conidia submerged in water usually failed to germinate. The walls of 
many of them were ruptured, and the contents of most of the others had 
become granular or disorganized. 

The spores, after dislodgment, are very short-lived under most condi- 
tions. The percentage germination in most series was less than 50 per cent 
at the most favorable relative humidity. In one series in which conidia were 
collected following 3 days of sunless cloudy weather, germination at all 
humidities from 0 to 100 was less than 10 per cent. The germinability of 
conidia in a sample seems influenced greatly by age of lesions and by temper- 
ature, moisture, and light conditions during the few days before sampling. 

In two seines of experiments with conidia of Erysiphe polygoni from 
cabbage, the relation of relative humidity to percentage germination proved 
similar to that of conidia of E. polygoni from clover. The average germina- 
tion at relative humidities of 0, 20, 32,^55, 81, 95, and 100 ranged from 14 to 
39 per cent. No consistent differences in the percentage germination were 
found at any of the relative humidities from 0 to 100 per cent, although there 
seemed to be a tendency for the percentage germination to be slightly higher 
at the higher relative humidities than over anhydrous CaCl 2 . The germina- 
tion in hanging drops of distilled water ranged from 1 to 6 per cent. Spores 
on dry glass slides exposed to the 35—50 per cent relative humidity in the 
laboratory for 22 hours showed 35 per cent germination. 

In a 21-hour series the average germination of 500 to 1,000 conidia of 
Erysiphe polygoni from evening primrose at relative humidities of 100, 
95, 88, 55, and 0 per cent, respectively, was 33, 24, 21, 5, and 9 per cent. At 
the start of the series, 51 per cent of the spores were shriveled and 1 per cent 
had germinated. Spores on dry glass slides, exposed to laboratory atmos- 
phere for 21 hours, averaged 15 per cent germination. 

Two series of experiments were made with conidia of E. graminis liordei 
from greenhouse-grown barley (C.I. 934) plants. The spores were shaken 
over a watch glass from leaves on which the mildew lesions had been maero- 
scopically visible 3 days. The spores after being stirred on the watch glass 
were dusted over dry cover glasses. From 2,000 to 4,000 conidia were 
counted at each relative humidity. 

The results from a representative series are shown in figure 8, A. The 
variation in results from the two series was relatively small. The average 
germination on water after 24 hours was 14.5 per cent, the germ tubes from 
some spores being 184p long. The mean length of 25 germ tubes from 
spores on water for 6, 25, and 54 hours, respectively, was 30, 139, and 130 jj. 
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Tlie average germination at relative humidities of 100 and 95 per cent, re- 
spectively, was 5 and 0.8 per cent. The spores of this series showed almost 
no germination at relative humidities of 88 per cent or below. The length 
of the germ tubes at a relative humidity of 95 per cent was much less than at 
a relative humidity of 100 per cent. 

DISCUSSION 

The method applied in the spore-germination tests at high relative hu- 
midities, as herein recorded has the following advantages: (1) relative 
humidity and temperature are accurately controlled, (2) the variables to 
which spores are subjected are reduced to the relative humidity and the 
nature of the spore carriers, (3) a large number of tests can be made in a 
single series, and (4) the apparatus is relatively inexpensive. 

Probably the most satisfactory and reliable method of controlling rela- 
tive humidity for spore germination tests is obtained through aqueous solu- 
tions of pure nonvolatile chemicals inside a closed system maintained at an 
accurately controlled temperature. However, to prevent stratification of 
the solution or the atmosphere within the chamber or system and to increase 
the diffusion of water vapor throughout the chamber, it is desirable to use 
a small chamber and to agitate both solution and atmosphere by some such 
device as is described in the foregoing. The relative humidity in a closed 
system over a saturated salt solution or a chemical solution of a certain con- 
centration at a stated temperature remains constant, provided the tempera- 
ture does not vary and changes within the solution do not occur. However, 
with fiuctuations in the temperature, equilibrium is disturbed and consider- 
able changes in the relative humidity may occur before equilibrium is re- 
stored. Quick changes in temperature may produce abrupt changes in rela- 
tive humidity, while the effect of a very small, gradual drift in temperature 
may be almost nullified by action of the control solution. The time neces- 
sary for the solution and atmosphere to reach equilibrium following changes 
in the temperature may be reduced by movement of the solution and atmos- 
phere within the system. Fluctuations of temperature must be minimized 
if control of relative humidities close to 100 per cent is to be accurately main- 
tained. 

The slight temperature fluctuations of 0.02° C. within the water bath 
usually occurred gradually over a period of several hours. Therefore, the 
temperature changes at the surface of the spore carriers within the chamber 
must have been more gradual and of less magnitude than were the recorded 
temperature changes for the water bath. Since temperature changes within 
the chambers must have been extremely slight, the relative humidities must 
have been rigidly controlled. 

Direct measurements of relative humidity were not made because of lack 
of a feasible method for making accurate determinations of high relative 
humidities within small closed chambers. However, spore germination 
served as a very delicate biological indicator of aceuracy of control of the 
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high relative liuinidities employed. Conidia of ScleroUnia fruciicolay for 
example, germinated freely in water but did not germinate at a relative 
humidity of 100 per cent; and aseospores of Venturia inaequalis showed 
significantly different percentages of germination and lengths of germ tube 
at each of the following relative humidities: 100, 99.85, 99.6, 99.0, and 98.7 
per cent. 

It is recognized that in the tests in which the theoretical relative humidity 
is herein reported as 100 per cent, condensation was not always avoided. 
"When it could be observed, it was only in a very thin film of precipitated 
moisture that was evanescent when the 100 per cent chamber was opened. 
However, germination of spores at this humidity differed consistently from 
that on or in drops of water. No visible condensation on the spore-carrying 
surfaces occurred at relative humidities of 99.85 per cent or below. 

The question as to whether the nature of the spore carriers might affect 
the relation of relative humidity to germination was investigated by using 
glass, paraffin, and quartz in comparative tests with spores of several fungi. 
Since these substances have different physical and chemical properties, the 
tendency for condensation of water vapor on one might be greater than on 
another. The average percentage germination of spores of 3 species of 
cereal rust fungi, of TJsiilago hordeiy and of YenUiria inaeqtialis was lower 
in most tests on paraffin than on glass. Yet, no great differences in results 
on these spore carriers were evident, for the germination of conidia of 
ScleroUnia fructicola did not occur on glass, paraffin, or quartz at relative 
humidities of 100 per cent or below. Since the percentages of germination 
on glass were usually slightly higher and more uniform than on paraffin and 
because glass was more convenient to use than paraffin or quartz, clean dry 
glass was employed in the greater portion of the germination studies. 

Spores of various phytopathogenic fungi on the nonnutritive substrata 
used appeared to vary greatly in their ability to germinate at different rela- 
tive humidities or in the absence of liquid water. The conidia of ScleroUnia 
fructicola on a nonnutritive surface apparently required contact with liquid 
water before they wei^e able to germinate. On the other hand, the germina- 
tion of aseospores and conidia of Yenturia inaequalis was very high at a rela- 
tive humidity of 100 per cent, medium at 99.6 per cent, low at 99.0 per cent, 
and zero at 98.7 per cent. Prior to the tests reported herein, it had not been 
demonstrated that the spores of the apple scab fungus could germinate at 
high relative humidities in the absence of liquid water. The minimum rela- 
tive humidity for germination of urediospores of Puccinia coronata 
to be at or slightly above 98.0 per cent, whereas, for urediospores of P. 
graminis iritici (race 56) and P. graminis avenae (race 2), it apparently 
was at or slightly below 98.0 per cent. The germination of some chlamy do- 
spores of UsUlago hordei and U. nuda occurred at a relative humidity of 95 
per cent, but not at 93 per cent. Conidia of Ergsiphe polygoni from red 
clover, cabbage, and evening primrose on glass germinated at all the relative 
humidities tested from 100 per cent to approximately 0 per cent. Conidia 
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of E, graminis hordei appeared to be mucb more sensitive to moderate and 
low bnmidities than did the conidia of E. polygoni. 

It is evident that spores of dilferent fungi vary in their moisture require- 
ments for germination. To explain these variations more knowledge con- 
cerning the fundamental mechanism, organization and nature of the mem- 
branes and protoplasts of a spore is needed. The membranes of different 
spores of the same species, as well as of different fungi, probably are ex- 
tremely variable. The reserves in spores of different fungi vary greatly in 
composition and quantity and doubtless also, in their utilization of water. 
In rust spores, the reserves may be largely oils, whereas in conidia of the 
powdery-mildew fungi there may be stored materials of other types. Corner 
(7) suggested that the conidia of powdery-mildew fungi probably carry the 
water for germination within the large vacuoles in the spores. Brodie and 
Netifeld (3) stated that there is probably very little water present in the 
conidium of Erysiphe polygoni, the protoplast consisting of a gel-like mate- 
rial. Upon exposure of the papilla of the conidium to air, CO 2 would be 
released and respiration would begin. As a result, the viscid protoplast 
would be converted into materials more labile and voluminous, and the in- 
crease in volume necessary for the production of a germ tube might come 
from this source alone. The wettability of the spore wall and its perme- 
ability to water may be very important factors in determining the relation 
of relative humidity to germination. 

Humidity is an important factor affecting incitation and development 
of plant diseases, especially those caused by pathogenic fungi. Epidemics 
of brown rot of fruits, caused by Sclerotinia friicticola and related species, 
follow periods of wet, rainy weather, since the spores require contact with 
water for germination. Apple scab (Venturia inaequalis) results from in- 
fections during or immediately following rain periods, free water, primarily 
rain, being essential to the discharge of ascospores and abscission and dis- 
semination of conidia. However, at or near the optimum temperature, some 
of the spores can germinate at relative humidities of 99 per cent or above, 
and most of the spores germinate at a relative humidity of 100 per cent 
or in water. Many investigators have stated that water on cereal plants 
was required for their infection by urediospores of various species of Puc- 
cinia. Lauritzen (17) and others, however, have reported that the presence 
of water on the leaves was not necessary, because relative humidities ap- 
proaching saturation were sufficient to permit infection. It was found in 
the present work that the fresh urediospores of P. coronata, P. graminis 
iritici, and P. graminis avenae on glass or paraffin germinated at relative 
humidities as low as 98 per cent in the absence of water, although contact 
with water appeared to be optimunj^for germination. Several workers have 
shown that heavier infection with some smut fungi occurs in medium dry 
than in wet soil. In the study reported here, it was demonstrated that 
chlamydospores of TJsiilago nuda and Z7. germinated at relative 

humidities of 95 to 100 per cent. Chlamydospores in water germinated 
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poorly, whereas, oix the surface of water, germination was fair. Thus, the 
heavier smut infection at medium to low soil moistures may be influenced 
by the ability of the spores to germinate at relative humidities below satura- 
tion. Infection with spores of many powdery mildews is readily accom- 
plished on leaves of plants that do not become wet with water. That is 
possible because the conidia are able to germinate at relative humidities 
considerably below 100 per cent. 

SUMMARY 

A method for accurately controlling high relative humidities for spore 
germination tests was developed. Spores were discharged naturally or 
dusted with camel-hair brush over clean dry spore carriers. The carriers 
were then suspended in sealed glass chambers over sucrose solutions, satur- 
ated salt solutions, or redistilled water, the liquids used to secure the desired 
relative humidities, which were computed theoretically. The humidity 
chambers were placed in a wire container and completely submerged in a 
water bath the temperature of which wms thermostatically maintained at 
20.0° ± 0.02° C. Stratification of the atmospheres or the solutions within 
the chambers was minimized by mechanically rocking the container of the 
chambers. Visible condensation upon the spore-carriers was precluded ex- 
cept to a limited degree at a relative humidity of 100 per cent. 

Conidia of Sclerotinia fructicola germinated well in redistilled water, 
but failed to germinate in tests for 72 hours on glass, paraffin, or quartz at 
relative humidities of 100 per cent or belQw. 

It was demonstrated for the first time that ascospores and condia of 
Venhcria inaequalis could germinate on dry glass at relative humidities of 
99 to 100 per cent. 

The mean percentage germination of urediospores of Puccinia coronata^ 
of P. gramims tritici (race 56), and of P. graminis avenae (race 2) on glass 
was high in water, lower at a relative humidity of 100 per cent, considerably 
lower at 99.0, and practically zero at 98 per cent. 

It was demonstrated for the first time that chlamydospores of Ustilago 
hordei and Z7. mtda on dry glass or paraffiin could germinate at relative 
humidities of 95 to 100 per cent but not at 93 per cent or below. Long 
basidial hyphae of U. hordei were produced at the relative humidities of 100 
to 95 per cent whereas sporidia were produced from basidia of spores germi- 
nating on water. 

Conidia of Erysiphe polygoni from red clover, cabbage, and evening 
primrose on dry glass germinated at relative humidities from 0 to 100 per 
cent. However, the germ tubes were very short and survived for a very 
short period of time at low relative humidities. 

University OP Wisconsin, 

Madison, Wisconsin. 
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THE VALUE OP SPEEGON AS A SEED PEOTECTANT POE 
CANNING PEAS" 

E. G. Sharvelle, H. C. Young, Jb., and B. E. Shema 
(Accepted for publication March 21, 1942) 

INTRODUCTION 

The pea-caniiing industry in Minnesota lias in the past 4 decades de- 
veloped into a large and nationally important business, with a total produc- 
tion in 1941 of 27,470 tons. This investigation was undertaken to obtain 
information on the damage done to the Minnesota pea crop by root rotting 
ftingi, and to determine the value of certain chemicals as seed protectants. 
Eeseareh initiated at the New York Agricultural Experiment Station 
(Geneva) indicated that certain synthetic organic compounds might have 
some value as seed protectants for canning crops.^ Prom several synthetic 
compounds, a material was selected on the basis of laboratory and greenhouse 
assay as having fungicidal value, and was thought to show some promise 
as a seed protectant. This material, originally known as United States 
Eubber material #120, has recently been named ^‘Spergon,’’ and is a 
complex, synthetic organic chemical containing no copper, sulphur, mercury 
or zinc. It is a light greenish-yellow, free flowing powder, relatively in- 
soluble in water, and contains a buffering agent to permit its use in alkaline 
soils.^ In extensive laboratory and greenhouse experiments it has been 
found highly fungicidal,^ and, in field experiments with 25 varieties of 
vegetables and ornamental plants, has caused no seed injury except on 
peppers, egg plants, and garden beets, even when applied in excess. 

METHODS 

In the spring of 1940, cooperative seed-treatment experiments were 
established with canneries in 7 localities in southern Minnesota. Samples of 
Spergon, sufficient to treat enough seed for planting 1 acre, were mailed to 
each cooperator, who then treated his seed with this material at the rate of 
2 ounces to the bushel. The treated seeds were then planted in 1-acre plots 
in the same field and contiguous to non-treated or other comparable plots. 
Attempts were made to maintain a uniform seeding rate in each section of 
the experimental field, although different rates of seeding were used by the 
different cooperators. The rates of seeding at the different localities ranged 
from 4 to 4J bushels of seed per acre. The investigation was continued in 
1941, but at this time the experiments were confined to 1 cooperator, and 

1 Investigation made under the terms of a research fellowship sponsored by the United 
States Rubber Company, Passaic, New Jersey. Paper No. 1973, Scientific Journal Series 
of the Minnesota Agricultural Experiment Station. 

2 Cunningham, H. S., and E. G. Sharvelle. Organic seed protectants for lima beans. 

Phytopath. 30: 4. 1940. 

3 Spergon chemically is ^ ^ Tetrachloro-para-benzoqninone. ’ ’ 

4 Felix, E. L. Tetraehloro para benzoquinone, an effective organic seed protectant. 

(Abstract) Phytopath. 32: 6. 1942. 
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plots of 10 acres for each treatment were established in a very lai-ge field of 
exceptionally uniform topography and soil type. Bach plot was visited by 
one of the investigators at regular intervals, after planting, to obtain 
emergence data. Final stand counts, root-rot records, and yield data were 
obtained at harvest time. 

Four criteria (stand of plants, disease rating, height of plants, and 
yields) were used at each location for comparing the Spergon-treated plots 
with the non-treated or other comparable plots. 

a. Stand of Plants was determined by counting the number of plants 
within a measured area of 1 sq. yd., 10 such areas being selected at random 
throughout the plot. The average of these counts was used as the basis of 
comparison for the stand of plants in the different plots, the stand being 
expressed as the average number of plants per sq. yd. 

b. Disease Eating was obtained by digging 50 plants at random from each 
plot. The entire sample was then examined immediately and the individual 
plants placed in 1 of 5 arbitrary classes, according to the severity of disease, 
as follows: 0, no infection; 1, slight discoloration of the stem; 2, discolored 
area diffused with slight necrosis; 3, marked discoloration, with well-defined 
necrosis; 4, stem or root completely girdled. The average of these 50 de- 
terminations was then used as the criterion for the severity of root rot in 
each plot. 

c. Height of Plants, The 50 plants from each plot used in the previous 
determination of disease severity were measured, the length of roots and 
length of vine from crown to tip being recorded separately, the average of 
these determinations serving as the basis of comparison for the height of 
plants in each plot. 

d. Yield. Bach plot was accurately measured with a land wheel, the 
cutting of each plot was supervised by one of the writers and the yields were 
obtained directly from the viner in each location. Yields were finally com- 
puted on the basis of pounds of green shelled peas produced from a measured 
acre. 

In addition to the above criteria grade information for the peas from 
each plot was obtained. 

RESULTS 

The results of the 1940 experiments are given in table 1 and are il- 
lustrated graphically in figures 1-4. From these data it can be seen that 
the stand was increased by seed treatment in every case. The percentage 
increases for the Spergon plots over the untreated plot being 23, 42, 41, 22, 
11, and 1.2 per cent, an average of 23 per cent increase in stand. The in- 
crease obtained by the use of New Improved Ceresan also amounted to 23 
per cent, while nitrogen inoculation increased the stand by 18.5 and 1.6 
per cent, the average being 10 per cent. It was possible at all of the 
locations to pick out the nontreated plot by the uneven stand and the general 
prevalence of bare areas, usually scattered uniformly throughout the plot. 


TABLE 1,-^Bummary of field experiments with Spergon on pea seeds in Minnesota^ 1940 
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a Stand: Each figure represents the average of ten counts made at random throughout the field 2 weeks before harvesting. 

b Length : Figures rexjresent the average of 50 plants. « j-n-iin 

e Infection rating : Eef ers to the degree of root rot present on the plants. Arbitrary infection classes of 0, 1, 2, 3, 4, were established. U rep- 
resents no infection; 4, severe infection resulting in death of the plants. Figures represent the averages for 50 plants. 
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In every locality where Spergon was used the stand was very uniform over 
the entire field. 

There was apparently no significant difference in the height of plants 
from treated and nontreated seed, although in every case but one, the plants 

LDLRTian 

Untreated 
Sperqan 

nitraqen inoculated 
Reui improved Cerfisan 


VHRIETV-Rlaskan Prm«^ Median Rlaskan Teton 

Pig. 1. Effect of seed treatment on the stand of peas. 

from the former were slightly taller than those from nontreated seed. It 
was noticeable at all of the locations that the use oi Spergon appeared to 
invigorate slightly the resultant plants, for, in addition to a perceptible 
increase in the height of plants, there was, apparently, also a more vigorous 
and extensive development of the root system. The above results were not 
analyzed for their statistical significance. 

flVERHEE TDTRL IfRETH FDR EHffl LOmTIOn 

□UnTreaTed 
■ Spergon 

^nitrogen inoculaTed 

Improved Ceresan 


VHRIFTV Wasfen Prince Peffetion Alaskan Pnnte Teton 
ofyales ofyales 

Fig. 2. Effect of seed treatment on the lieigRt of plants. 

Using the scheme previously outlined, the severity of root-rot infection 
on the plants was determined in each plot at the different locations. The 
results given in table 1 are the averages of 50 determinations for each 
treatment, and from these results it is evident that seed treatment reduced 
the amount of root-rot development in every case. The percentage reduc- 
tion in severity of root rot obtained by the use of Spergon, as eompared with 
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the untreated plots was respectively 43, 65, 31, 46, 55, and 26 per cent, the 
average being 44 per cent. It would seem to be significant that seed 
treatment in the case of the variety Alaskan, which has been bred for 


HVERREE inFEETIOn TVPE FDR EREH LDCRTIDFl 

Untreated 


n 



VHRIETV Pi'ince PerfecTion Ba^an Prince Teton" 

oFUales DfUalea 


HBpergon 

nitrogen inDculafed 
Fleu ImprnvBci CerBsan 


Fig. 3. Effect of seed treatment on the development of root rots. 


resistance to Rhizoctonia root rot, resulted in -a reduction of 43 and 46 per 
cent in the amount of root rot present. New Improved Ceresan in the one 
location in which it was used reduced the amount of root rot by 47 per cent. 


RVERRGE VIEID PER HERE 

□ UnTreaTed 
■ Sper^on 


^ Ditroyn inocukiTed 
j^Rew laproved Ceresan 



VRRIETV Pe»W«n (Men Telpn 

Fig. 4. Effect of seed treatment on the yield of peas. 

The reduction in severity of root-rot infection obtained by the use of seed 
treatment is illustrated in figure 3. 

The increases in yield obtained by the use of Spergon seed treatment, 
illustrated in figure 4, were, respectively, 303, 387, and 799 lb., while at 
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Owatonna a reduction of 60 lb. per acre was obtained. These figures in 
terms of percentage increase in yield as compared with the untreated plot 
may be expressed as an increase of 15, 20, and 41 per cent, with a reduction 
at Owatonna amounting to 2.16 per cent. Thus the average yield increase 
obtained by the use of Spergon amounted to 357 lb. of green, shelled peas to 
the acre, which is equivalent to an increase in production of 18 per cent over 
the untreated plot. New Improved Ceresan gave an increase of 338 lb. 
(17 per cent) as compared with 799 lb. (41 per cent) of green peas to the 
acre, obtained with Spergon at the same location. 

Attempts also were made to determine whether seed treatment affected 
the quality of the crop grown from treated seed. In Minnesota the practice 
most commonly employed in the grading of canning peas is the use of the 
sample grader. In the grading process, employed at the canning factory, 
representative samples of the crop are passed over standard screens and 
the percentage of peas falling in the various sieve sizes determined, from 
which the field grade is computed by estimating the percentage weights of 
the peas falling in the desired sieve sizes. The number of sieve sizes used in 
determining the field grade varies with the variety of pea being tested; ie., 
in general the percentage weight of the 1, 2, and 3 sieve sizes would de- 
termine the field grade of the variety Alaskan, and the weight of sieve 
sizes 2, 3, 4, 5, and 6 would be used in determining the field grade of the 
large sweet varieties of peas. Thus, every packer is primarily interested in 
obtaining the greatest percentage possible of the desirable sieve sizes. In 
addition to the above method, a device known as the ‘Henderometer’’ is 
used by some packing plants to determine the quality of peas. This device 
measures the maximum force necessary to crush the sample. The reading 
obtained is an indication of the tenderness of the sample, that with the most 
desirable quality, having the low^er reading. In this investigation, wherever 
possible, records were obtained on the quality of peas harvested from the 
various treated and nontreated plots. The records were obtained from the 
plant of the company concerned and the results are given in table 2. From 


TABLE 2. — Effect of seed treatment on pea quality as determined ty sample grad- 
ing and 'by tenderometer measurements 


Loeation 

Variety 

Treatment 

Percentage of crop falling in 
each sieve 

Tendor- 
0 meter 



1 

2 

3 

4 

I 5^ 

^ 6 

1 7 & 8 

reading 

Blue Earth 

Alaskan 

Nontreated 

2 

8 

13 

68 

1 14 


i ... 

121 ■ ■■ 



Spergon 

2 

9 

21 

53 

13 


... 

116 

Fairmouut 

Teton 

Nontreated 

7 

10 

37 

6 


31 

9 




N. Imp. Ger. 

7 

9 

39 

5 


33 ‘ 

9 



■: 

Spergon 

8 

8 

41 

6 


29 

8 



these data it is apparent that seed treatment did not significantly affect the 
grade, although in the case of Alaskans a slight improvement is to be noted. 
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Significance was determined by comparing the means and nsing the standard error of the difference. 
Significance at 1 per cent level. 

Significance at 5 per cent level. 
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With the same variety, also, tenderoxneter readings indicated that the peas 
from Spergon-treated seed were of slightly better quality. The results, 
however, are not significant and it was concluded that seed treatment in 
these experiments neither increased nor lowered the quality of the crop. 

In 1941 the size of experimental plots was increased to 10 acres, each, and 
all of the work was done in cooperation with the Reid Murdoch Canning 
Company on the Pattridge Farm at Spring Valley, Minnesota. All of the 
plots were planted to the variety Perfection at a seeding rate of 4.25 bu. per 
acre, and the seed was treated with Spergon applied at the rate of 2 oz. to the 
bushel. The results obtained in 1941 are given in table 3 and the statistical 
significance of these data is given in table 4. 

Prom the records taken on June 5 and 6, one month after planting, and 
one month before harvest, it is apparent that a significant increase in stand 
resulted from the use of Spergon. The differences in root length and total 
vine length also were highly significant. A further significant increase in 
stand and length of vine was obtained when nitrogen inoculation was com- 
bined with the seed treatment. On the other hand, when similar records 
were taken on June 25 and 26, approximately 8 weeks after planting and 
2 weeks before harvest, there was no significant difference in stand obtained 
by seed treatment. The differences in root length were not significant, but 
a significant difference in total vine length was again obtained, the difference 
being greater when nitrogen inoculation was combined with Spergon 
treatment. 

An increase in yield of 13.9 per cent was obtained over nontreated seed 
by the use of Spergon, but no increase in yield was obtained when this 
treatment was combined with nitrogen inoculation. This failure of nitrogen 
inoculation plus Spergon to result in an increased yield is difficult to explain, 
although a marked decrease in yield as compared with nontreated seed 
resulted during the previous season, where nitrogen inoculation was used. 
Observations at that time indicated that the bacterial gel used for nitrogen- 
inoculation purposes may serve as a pabulum for root rotting fungi, in- 
creasing the injury that they cause. The results obtained in 1941 would 
indicate that seed treatment with Spergon is effective in combating pre- 
emergence damping off, but was not so effective in preventing root rot or 
post-emergence damping-off. The initial stimulus apparently was sufficient 
to result in an increase in yield. The same situation did not exist during the 
previous season as marked increases in stand were obtained at harvest time. 
Environmental conditions, however, were very different, 1940 being rela- 
tively dry until harvest time, whereas, in 1941, very wet conditions prevailed 
for several weeks before and until harvest time. 

CONCnXJSIONS 

The increases in yield obtained by seed treatment in itself would seem 
to indicate that root rots of peas constitute a hazard to the pea industry in 
Minnesota, and during the course of this investigation, at least, must have 


I 
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considerably reduced the yields. The prevalence of root rots is not generally 
recognized by the canners, and the losses resulting from such diseases are 
not at present realized, possibly because there has been no adequate standard 
of comparison, which experiihental seed treatment experiments furnish, from 
which such losses could be computed. Isolations made from root-rot-infected 
plants in 1940 indicated that 3 fungi were involved as the cause of pea root 
rots in Minnesota. Bhkoctonia sp., Fusarium martii var. and Aphano- 
myces eufeiches were isolated from diseased peas from different locations 
during 1940. In 1941 a species of PytMum was isolated from the diseased 
plants. The results obtained in this investigation indicate that Spergon 
was the most satisfactory seed protectant tested for canning peas in Minne- 
sota, although it was not so effective in preventing the development of root 
rots late in the season, which also is true of other xmoprietary seed pro- 
tectants. The apparent stimulation to seed treated with this material, as 
expressed by increased rate of emex*gence, greater total vine length and more 
vigorous root development, would seem to be sufficient to be responsible for 
increased yields when conditions suitable for the development of root rots 
prevail. 

SUMMARY 

Boot rots of peas were present in epidemic proportions in the locations 
in which the above investigations were conducted during 1940 and 1941. 

Seed treatment with Spergon in 1940 resulted in an average increase in 
stand of plants amounting to 23 per cent. New Improved Ceresan in one case 
gave the same increase, while nitrogen inoculation gave an increase in stand 
of 10 per cent over the untreated plot. 

The height of plants was slightly increased in all cases but one by seed 
treatment in 1940, but the increases did not appear to be significant. The 
increases in total vine length obtained in 1941 were statistically significant. 
Spergon appeared to materially stimulate the root development of plants 
from seeds treated with this material. 

The incidence of root rot was greatly reduced by seed treatment. 

Increases in yield from 300 to 800 pounds of green, shelled peas to the 
acre were obtained at three locations by treating seed with Spergon, the 
average increase amounting to 357 pounds or 18 per cent over untreated seed 
in 1940. 

Eesults obtained in 1941 substantiated the findings of 1940. 

Minnesota Agricultural Experiment Station, 

University Farm, St. Paul, Minnesota. 


THE ADHERENCE OF FIXED COPPER FUNGICIDES AS 
INFLUENCED BY SPRAY SUPPLEMENTS 

A. A, Nikitin and E. G. Andeesok 
(Accepted for publication May 21, 1942) 

Supplementary materials are frequently added to spray mixtures of the 
fixed copper fungicides to improve such physical performance of the spray 
as coverage and adherence. The choice of materials used as spreaders and 
stickers has, in practice, been made largely by trial and error, and very little 
fundamental research has been reported on the performance of these sub- 
stances. The purpose of this investigation was to study the effect of the 
commonly available supplementary materials upon the properties of copper- 
fungicide spray deposits in order to facilitate the selection of the most suit- 
able materials. 

MATEBIALS 

In order that the fungicidal efficiency of the spray be maintained, it is 
desirable that the chemical properties of the fungicide be not adversely 
affected by the addition of the supplementary materials. In other words, 
the supplements should be compatible with the fungicide. 

A large number of supplements are being used commercially to adjust 
the physical properties of copper fungicide sprays (3). These materials 
may be classified according to their function as follows ; 

(a) Materials that act physically to spread the spray liquid, e.g,, sul- 
phonated oils and sulphite waste liquor products. 

(b) Materials that act physically to stick the spray deposit, e.p., resins 
and mineral oils. 

(c) Materials that act physically as spreaders and form gelatinous pre- 
cipitates, which function as stickers, e,g,, soya flour, skim milk, etc. 

During the last few years, materials of vegetable and animal origin, such 
as flours and casein materials, have been extensively used as spray adjuvants 
by experiment station research workers, as well as by commercial growers. 
These supplementary materials have been of particular value in spray mix- 
tures, since they tend to impart a gelatinous character to the spray residue 
of fixed copper fungicide, and to improve its adherence (2). For this 
reason, materials possessing these properties were selected for this study. It 
will be noted from the analysis of these materials that they contain various 
amounts of proteins : 

Composition op supplements included in adherence tests 

Wheat flour — ^patent flour milled from soutliern wlieat 
( Analysis by General Mills laboratory) 

Fer cent 

Protein 8.600 

•• Ash ' ■ ■ . . . ■ ■ JQ5 

Moisture 13.5 

Eat . .4 ' ■ 
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Eigli protein wheat flour 

Protein 17.5 

Soya flour — (Analysis by Central Soya Co. laboratory) 

Protein 53.5 

Carbohydrates 30.0 

Starch Nil 

Fat .3 

Ash 5.7 

Moisture 7.0 

Calcium casemate 

Protein 42.0 

(Calcium caseinate is a reaction product of casein and 
hydrated lime, which contains an excess of free lime.) 

Shim milh 

Protein 36.0 


Since the basic sulphates of copper are most widely used for fungicidal 
purposes, a basic copper sulphate containing 26 per cent copper as metallic 
was selected for these studies. 

LABORATORY TESTS 

In order to investigate more completely the eifeet of supplements on 
copper-fungicide sprays, studies were conducted on the adherence of the 
spray deposit, the solubility of the copper fungicide in the spray mixture 
and the effect of soluble copper on the performance of the spray supplement. 

Adherence Tests 

The method of determining the adherence of the copper-fungicide spray 
deposit was patterned after that of Young and Beckenbach (6) . The equip- 
ment used consisted of a DeVilbiss atomizer mounted in a permanent posi- 
tion over a container equipped with an agitator. The glass slides (10'^ x 10'') 
were supported at an angle of 45° at a distance of 30" from the atomizer tip. 
A removable baffle imposed between the atomizer and the plate permitted 
deposition of the spray for definite intervals, and a uniform amount of mate- 
rial was deposited on replicate plates. The interval of deposition for each 
spray mixture was adjusted to the point of incipient running of the spray 
deposit in order to determine the maximum deposit obtainable. Quadrupli- 
cate slides were prepared for each spray mixture. The deposit on 2 plates 
was removed by washing with dilute sulphuric acid and analyzed for copper. 
The 2 remaining slides were dried at room temperature for 24 hours and 
then subjected to washing by artificial rain for 30 minutes. The volume of 
water running off from each plate was approximately 1000 ml. The residue 
was removed from the washed plates and analyzed for copper, as above. 

Solubility Tests 

The following method was used for determining the amount of soluble 
copper. A suspension of the copper fungicide and supplement was agitated 
for 16 hours at 76° P. in 3000 ml. of water, and allowed to settle for 24 
hours. An aliquot portion of the clear supernatant liquid was withdrawn 
and analyzed for soluble copper. 
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Sorption Tests 

The sorption of soluble copper by the supplements was determined by . 
treating a suspension of the supplement with a known quantity of soluble 
copper at a definite concentration, allowing to stand for 24 hours, and analyz- 
ing an aliquot portion of the clear supernatant liquid for soluble copper. 
The difference between the initial and final copper content in solution repre- 
sented the quantity of copper sorbed by the supplement. 

The laboratory adherence tests were conducted with mixtures the compo- 
sition of which were similar to those used in the field, i.e., they contained the 
copper fungicide, supplement, and hydrated lime. However, in the solubil- 
ity and sorption studies, lime was omitted from the systems in order to deter- 
mine the effect of the supplements on the solubility of the copper fungicide 
and sorption of soluble copper. 

LABORATORY RESULTS AND OBSERVATIONS 
Adherence Studies 

The results secured from the laboratory adherence tests of sprays con- 
taining the various supplements are summarized in table 1, and shown 
graphically in figure 1. The greatest average initial deposit of copper at 



Fig. 1. Effect of spray supplements on the adherence of basic copper sulphate, labo- 
ratory tests. 

the point of incipient running of the spray deposit was obtained with soya 
flour followed in decreasing order by wheat flour, calcium caseinate, skim 
milk, and albumin. The greatest average copper residue, after subjecting 
the dried deposits to artificial rainfall, was obtained with soya flLour, fol- 
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lowed by skim milk, albumin, calcium caseinate, and wheat fionr. From 
these data, the tenacity coefficient of the spray deposit (5) was calculated. 
This coefficient expresses the ratio of the residual deposit to the initial spray 
deposit. The sprays containing albumin as the supplement had the highest 



Pig. 2. Effect of spray supplements on the solubility of basic copper sulphate, labo- 
ratory tests. 

average coefficient of tenacity, followed in decreasing order by those con- 
taining skim milk, soya flour, calcium caseinate, and wheat flour. 

It is of interest to note that, although the sprays containing albumin had 
the highest coefficient of tenacity, the residual deposit for the albumin mix- 
ture was 37 per cent less than that for soya flour. The increased residual 
deposit which may be secured with supplementary materials is particularly 
important from the standpoint of the sufficiency of the coverage. Since the 
magnitude of the residue is a function of the initial spray deposit, the sup- 
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plementary materials which can be used to build up the initial deposit of 
copper are of particular value. From the above it is obvious that effective 
supplements, such as materials containing protein, may be used advantage- 
ously to build up the spray residue. 

Solubility Studies 

The loss of copper during rainfall may result from leaching of soluble 
copper, as well as from mechanical w^ashing away of the solids from the 
spray residue. Although a primary object of using spray supplements is 
to secure improved adherence of the spray residue, the solubility of the 
copper fungicide should not be reduced by the supplements. It is apparent 
that the dissolving action of the spray supplement upon the fixed copper 
fungicide plays a very important role in the effectiveness of the spray, since 


TABLE 2. — Effect of spray supplements on the solubility of basic copper sulphate, 
and the retention of soluble copper by supplements. Laboratory tests 



Soluble 
copper in 
copper fun- 
gicide sup- 
plement 
suspensions 
p.p.m. 
copper 

Soluble 

copper 

Analysis of sorp- 
tion complexa 

Adherence of sorption 
complex 

Supplements 

sorbed by 
supple- 
ments mg. 

Cu/gm 

supplement 

Copper 

content 

Water- 
soluble 
copper 
of total 
copper 

Initial 
deposit 
mg. Ou 
per 100 
sq. in. 

Residual 
deposit 
mg. Cu 
per 100 
sq. in. 

Tenacity 

coeffi- 

cient 



Per cent 

Per cent 





Calcium case- 








inate 

103.6 

1300 

2.62 

2.0 




Low-oil soya 








flour 

24.5 

2050 

1.76 

14.3 

2.4 

.6 

.250 

Powdered 
skim milk 

7.2 

762 

1.86 

25.3 




High-protein 








wheat flour 

5.4 

810 

0.58 

27.6 




Low-protein 








wheat flour 

3.4 

190 

0.11 

36.4 

.88 

.2 

.227 

Kone (check) 

1.5 








a The term ^ ^ Sorption Complex ^ ^ represents the supplement containing sorbed copper. 
Column 1 — ^Deternained by analysis from the suspension of basic copper sulphate and 
supplement in water. 

Column 2 — ^Eepresents the difference between the amount of copper in initial solution and 
final solution. 

Column 3 — ^Refers to the washed and dried residue from treatment of supplement with 
soluble copper. 

Column 4 — ^Determined from the suspension of residue (Column 3) in water. 

The difference between the amount of soluble copper sorbed by the supplements 
(Column 2) and the copper content of the sorption complex (Column 3) is due to the fact 
that the supplements themselves are partially soluble in water. 

it causes an increase in the concentration of available copper ion. The effect 
of this dissolving action upon the retention of copper is of particular inter- 
est. In this connection, a study was made on the effect of spray supplements 
upon the release of soluble copper from the copper fungicide. 

The data from the solubility tests are shown graphically in figure 2, and 
are summarized in table 2. It was found that the highest concentration of 
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soluble copper was obtained in sprays containing calcium caseinate as the 
supplement (103.6 p.p.in. soluble copper) followed in decreasing order by 
soya flour (24.5 p.p.m.), powdered skim milk (7.2 p.p.m.), Hgh-protem 
wheat flour (5.4 p.p.m.), low-protein wheat flour (3.4 p.p.m.) and the check, 
which contained no supplement (1.5 p.p.m.). 



Fig. 3. Sorption of copper by spray supplements. 


It was noted that soya flour, which caused a higher solubility of the cop- 
per fungicide than wheat flour, imparted a greater tenacity to the copper 
residue. From this it appears that, during rainfall, soya flour must prevent 
a rapid dissipation of the soluble copper. 

Sorption Studies 

A study on the performance of the protein-containing supplements in 
the presence of soluble copper showed that the materials tend to absorb 
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copper ions from the solution, and return them in the form of a complex. 
The extent of sorption of soluble copper by the supplements was determined 
by measuring the amount of copper in solution before and after treating the 
supplements wdth copper sulphate solution. It is apparent from the curves 
(Pig. 3) that the amount of copper sorbed by each supplement was depen- 
dent on the concentration of soluble copper until the sorption capacity of 
the supplement was reached. Further increase in the concentration of solu- 
ble copper did not cause an additional amount of copper to be sorbed. . 

A further study showed that the sorption capacity of soya protein was 
greater than that of soya flour, while in the case of wheat gluten and wheat 
flour an even greater relative increase in the sorption capacity was secured. 
This indicates that it is protein that forms the sorption complex with soluble 
copper. In other words, the retention of soluble copper apparently is 
caused by the formation of a copper-protein sorption complex. The sorp- 
tion capacity of soya hour was found to be approximately 3 times that of 
wheat flour. Since the protein content of soya hour is also about 3 times 
that of wheat hour, it appears that the sorption capacity of the supplement 
is largely dependent upon its protein content. However, it is possible that 
the source of the protein, as well as its treatment during the manufacturing 
process, may inhuence the performance of these materials. 

In the sorption tests, the saturated residues, which contained the sorption 
complexes formed by the various supplements, were filtered and washed to 
remove free copper sulphate. A portion of the filter cake was dried and 
analyzed for copper (Table 2). The availability of the copper in the resul- 
tant cake was determined by solubility tests. 

Adherence tests were conducted on a portion of the undried filter cake 
that was redispersed in water. It was found that the tenacity coefficient of 
the soya flour sorption complex was 0.250, while that of the wheat flour 
sorption complex was 0.227, However, the magnitude of the deposit of the 
soya-flour complex was approximately 3 times that of the wheat-flour 
complex. 

Due to the sorption capacity of the supplement for soluble copper, the 
amount of copper dissolved by the supplement must include both the free 
soluble copper and the copper sorbed. In other words, the solubility of the 
copper fungicide in suspension with the spray supplements (Table 2) rep- 
resents the difference between the total dissolved copper and the amount of 
soluble copper sorbed by the supplement. In the copper fungicide-supple- 
ment suspension there apparently takes place: (1) solution of the copper 
fungicide; and (2) subsequent sorption of the soluble copper by the supple- 
ment until an equilibrium is reached. It should be noted that the amount 
of soluble copper, as determined at the point of equilibrium, is of particular 
value, since it furnishes information on the amount of available copper for 
the control of fungus disease on the one side, and on the safety of the spray 
on the other. 

In practice, once the spray residue has become dry, the copper content of 
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the copper-protein complex and its solubility are factors in the availability 
of copper in the spray residue, as well as in the loss of copper by leaching. 
In this connection, the soya-flour complex has a higher copper content 
(1.76% Cu) than the wheat-flour complex (0.11% Cu), while the percentage 
of soluble copper in the soya-flour complex (14.3%) is less than in the wheat- 
flour complex (36.4%). The total amount of soluble cox)per from the soya- 
flour complex (2.5 mg. per gram) is, however, approximately 6 times higher 
than the soluble copper from the wheat-flour complex (0.4 mg. per g.). On 
the basis of the amount of soluble copper, it seems that the effectiveness of 
the soya-flour complex would be greater than that of the wheat-flour complex. 
Soya flour, due to its greater capacity for the sorption of soluble copper, may 
considerably reduce the loss by rainfall of copper released from the copper 
fungicide. 

Field Tests 


To determine the effect of the various supplements on the adherence of 
basic copper sulphate on the foliage, field tests were conducted at the Wilson 



/4r ccv£/t Z^Cot^iftS/^HAY S^ConarSf^frAY ^l^CO^'SffSPftAY SWCOYSRSPfmy 4>l^C0y£^S/¥tAY 


Fig. 4. Effect of spray supplements on the deposit of basic copper sulphate on apple 
foliage, 1939. 1, soya flour; 2, wheat flour; 3, calcium caseinate; 4, skim milk; 5, albu- 
min; 6, cheek (no supplement). 

apple orchard, Epworth, Ga. Three replicate plots, containing an average 
of 8 trees each, were laid out for each test. Six copper cover sprays were 
applied beginning 2 weeks after the petal fall application of lime-sulphur. 
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la order to compare the effect of the various suppleineats on the deposit 
and adherence of the copper fungicide, leaf samples were collected from 
each series of plots (4) and their spray residue analyzed quantitatively for 
copper (1). Care was taken to get representative samples of leaves from 
each plot and to prevent any loss of spray residue during subsequent treat- 
ment. Samples were collected directly after each spray application to 
determine the magnitude of the deposit. In 1939, samples were collected 
after an interval of weathering, to determine the tenacity of the spray 
deposit. In 1940, it was possible to collect samples at approximately weekly 
intervals, as well as immediately before and after each spray application. 
It was possible, in this manner to obtain a comprehensive comparison of the 
magnitude and tenacity of the spray deposit. 


FIELD RESULTS AND OBSERVATIONS 

The data from the orchard adherence tests are summarized in table 1 
and illustrated in figures 4 and 5. 



In the 1939 tests, the largest average deposit was obtained with skim milk, 
followed in decreasing order by soya flour, albumin, wheat flour, calcium 
caseinate and the cheek (no supplement) . The largest average residue was 
obtained with skim milk, followed in order by soya flour, albumin, wheat 
flour, calcium caseinate and the check. The highest coefficient of “tenacity 
was shown by sprays containing skim milk, followed in order by soya flour, 
albumin, calcium caseinate, wheat flour and the check. 
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In tlie 1940 tests, the largest average deposit was obtained with soya 
flour, followed in decreasing order by calciiim caseinate, skim milk, wheat 
flour, cheek and albumin. The largest average residue was obtained with 
soya flour, followed in order by calcium caseinate, skim milk, wheat flour, 
check and albumin. The soya flour spray deposit had the highest coefficient 
of tenacity in 1940, followed by wheat flour, skim milk, calcium caseinate, 
albumin and the check. 

The order of the comparative performance of the supplements in 1940 
was somewhat different from their order in 1939. This can be attributed to 
the difference between the weather conditions and the amounts of rainfall 
during the two seasons. 

The results obtained in the 1940 field tests show that there was a sub- 
stantial difference between the magnitude of the spray residue obtained with 
soya flour and wheat flour. It should be emphasized that the magnitude of 
the residual spray deposit is just as important from the standpoint of suffi- 
cient coverage as the coefficient of tenacity of the residue. As an example, 
the tenacity coefficient of the 1940 sprays containing calcium caseinate was 
lower than that of sprays containing wheat flour, yet the amount of residual 
spray deposit was greater with calcium caseinate. 

discussion 

A study of laboratory and field results indicates that the spray supple- 
ments of the type included in these tests, function not only as spreaders and 
stickers for the spray deposit, but also as activators for the fixed copper 
fungicides. The supplements, when included in spray mixtures, exert a 
distinct dissolving action on the fixed copper fungicide, forming a sorption 
complex with the dissolved copper. This complex is an available source of 
copper in addition to the small quantity (1.5 p.p.m.) that is in solution. 

The degree of activation of the basic copper sulphate appears to depend 
upon the protein content of the supplement. The effect of the protein con- 
tent of the supplement can readily be seen from the superior performance 
of soya flour containing 53.5 per cent protein as compared with low protein 
wheat flour containing 8.6 per cent protein. These two flours are represen- 
tative of high and low protein supplements, respectively. 

The above indicates that a certain correlation exists between the dissolv- 
ing action of the supplement upon the copper fungicide and the sorption of 
soluble copper by the supplement on the one hand, and the subsequent 
liberation of copper ion from the sorption complex on the other. 

The sorption complex formed by the action of the supplement upon the 
fixed copper fui^gicide, plays a very important role in the adherence of the 
spray residue. The improved adherence obtained by the use of materials 
of high protein content as supplements, such as soya flour, can be partly 
attributed to the formation of this gelatinous sorption complex. The in- 
ferior adherence obtained with wheat flour probably is due to its low protein 
content and to the low amount of the sorption complex formed by this sup- 
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plement. The supplements that have a high sorption capacity, such as soya 
flour, increase the tenacity of the spray deposit to a greater extent than 
supplements of low sorption capacities, such as wheat flour. Apparently, 
a correlation exists between the sorption capacity of the supplements for 
soluble copper and the magnitude and tenacity of their respective spray 
residues. 

From the above it seems that the improved adherence and activation of 
basic copper sulphate by the action of protein-containing supplementary 
materials may be readily utilized for the improved performance of fixed 
copper fungicides. Since the action of the supplements depends to a large 
extent on the proteins and their sources, it seems that the vegetable materials, 
such as soya bean protein, may be used advantageously to improve the per- 
formance of basic copper sulphate sprays, both from the standpoint of 
adhesiveness of the spray residue and from the activation of the copper 
fungicide. 

SUMMARY 

The performance of protein-containing spray supplements were studied 
from the standpoint of their effect upon the adherence and activation of 
fixed copper fungicides. # 

The results secured from spray tests conducted in the field and labora- 
tory showed that : 

The magnitude and tenacity of the spray residue are considerably im- 
proved by supplements containing protein. 

Supplements, according to their protein content, exert a dissolving action 
on the fixed copper fungicide. The soluble copper released from the fixed 
copper fungicide is sorbed by the protein to form a gelatinous sorption com- 
plex, which increases the adhesiveness of the spray deposit. 

A certain correlation exists between the dissolving action of the supple- 
ment upon the copper fungicide, and the subsequent liberation of soluble 
copper from the sorption complex. 

A certain correlation exists between the sorption capacities of the supple- 
ments for soluble copper and the magnitude and tenacity of their respective 
spray residues. 

CoppERHiLL, Tennessee. 
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POTATO--SCAB GARDENS IN THE UNITED STATES 
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It has been known for some time that there are a comparatively hivge 
number of physiologic forms of Actinomyces scabies (Thaxter) (iiissoWy the 
organism that causes common scab in the iiotato. It has been ol.)serYetl, too, 
that the intensity of scab epidemics varies from year to year and from place 
to place, because of climatic and soil conditions. In any elfort to breed scab- 
resistant varieties or to determine the genetic behavior of reactions to s(uib, 
physiologic forms and environmental factors must be given consideration. 
Varieties resistant to scab in one section of the country under a particular 
set of environmental conditions may be susceptible in another section. To 
determine to what extent a breeding program is atfected by these sources of 
variation the cooperators in the National Potato Breeding Program in a con- 
ference at Ithaca, N. Y., in 1937, suggested that a number of uniform scab 
gardens be established in various sections of the country. Six such gardens 
were established in 1938 — Elk River, Minn., Greeley, Colo., Lake City, Mich., 

1 Senior geneticist, Division of Fruit and Vegetable Crops and Diseases, Bureati of 
Plant Industry Station, XJ. S. Department of Agriculture, Beltsville, Marjdand. 

2 Associate pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, U. S. Department of Agriculture, Greeley, Colorado. 

3 Collaborator, U. S. Department of Agriculture, Riverside, California. Formerly 
horticulturist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, D. 8. Department of Agriculture, Presque Isle, Maine. 

4 Assistant plant breeder, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, XJ. S. Department of Agriculture, Presque Isle, Maine. 

5 The men who should be given credit for this study are the men who were responsible 
for growing the scab gardens. These men are : 

F. M. Blodgett, Agricultural Experiment Station, Ithaca, Hew York 
Reiner Bonde, Orono, Maine 

John Bushnell, Wooster, Ohio 

Glen H. Davis, ^ ^ ^ ^ ‘ Davis, California 

W. C. Edmundson, Potato Field Station, U. S. Department of Agriculture, 

Bureau of Plant Industry, Greeley, Colorado 

C. J. Eide, Agricultural Experiment Station, St. Paul, Minnesota 

0. H. Elmer, Manhattan, Kansas 

^ : A... T. Erwin, a a << Ames, Iowa 

R. J. Evans, Logan, Utah 

F. A. Krantz, St. Paul, Minnesota 

E. L. LeClerg, U. 8. Department of Agriculture, Bureau of Plant Industry, 
Agricultural Center, Baton Rouge, Louisiana 
0. H. Metzger, formerly Agricultural Experiment Station, Ft, Collins, 
Colorado 

J, C. Miller, Agricultural Experiment Station, Baton Rouge, Louisiana 
IT. C. Moore, ^ ^ East Lansing, Michigan 

T. E. Odland, '' Kingston, Rhode Island 

D. Reddick, 'L '' Ithaca, Hew York 

W. A. Riedl, Laramie, Wyoming 

G. H. Rieman, ^ ^ Madison, Wisconsin 

R. W. Samson, ^ ‘ ^ La Fayette, Indiana 

G. H. Starr, Laramie, Wyoming 

E. J. Wheeler, U East Lansing, Michigan 

■ -om ■ 
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Ithaca, N. Y., Kingston, E. I., and Presqne Isle, Maine. In 1939 the number 
of gardens was increased by additional ones at Avon, Colo., Grand Rapids, 
Minn., Clear Lake, Iowa, Madison, Wise., Manhattan, Kan., Baton Rouge, 
La., and La Fayette, Ind. In 1940 Shafter, Calif., Wooster, Ohio, Logan, 
Utah, and Laramie, Wyo., were added to the list. 

MATERIALS AND METHODS 

As a preliminary step in establishing these gardens it was suggested to 
the collaborators in the various State experiment stations where potato- 
breeding programs are in operation, that they send seed stocks of potato 
varieties they wished tested. Three varieties were received from F. A. 
Krante of the Minnesota Agricultural Experiment Station and 11 from 
Donald Reddick of the New York Agricultural Experiment Station at Cor- 
nell University. In addition, 91 varieties that had shown various reactions 
to scab in the tests at Presque Isle, Maine, for the previous 2 years were 
assembled at Beltsville, Md., and distributed to the various stations. 

Due to the small amount of seed stock available, only enough for dupli- 
cate rows of 5 hills of each could be sent to each station. This stock was 
planted in 1938 in rows adjacent to a row of a susceptible check variety. 
Scab data were secured by the various collaborators on each replicate and on 
its corresponding check. Prom the results obtained it was apparent that in 
addition to physiologic forms and environmental factors the individuality 
of the various persons who took the data was a source of variation. To 
eliminate this last factor as much as possible, the scabbiest tuber from each 
hill in the test with its corresponding check was sent to Beltsville, Md,, in 
1939, where the scab readings were all made by one person. In 1940 the 
data for the gardens in the eastern section of the United States were secured 
by . one man, those for the Northwestern and Plateau States by another. 
These men had previously worked together so that the readings for that year 
are considered comparable. The method of taking the scab data in 1939 and 
in 1940 was similar to that described by Clark et al.^ Two criteria were 
considered in judging the reactions of varieties, and cheeks, i.e., the type of 
scab pustule and the percentage of tuber surface covered with pustules. 

Types of scab pustules were recorded in three categories : 1. Pustules 
relatively large and deep. 2. Pustules relatively large but superficial. 3. 
Pustules small and superficial. 

The percentages of tuber surface covered with pustules were recorded in 
six classes: 


Class 

Extremes 

Mean 


JPer cent 

Percent 

Trace 

0-1 

0.5 


1-20 

10.0 


21-40 

30.0 

3 

41-60 

50.0 

4 

61-80 

70.0 


81-100 

90.0 


6 Clark, C. F., P. J. Stevenson, and L. A. Sehaal. The inheritance of scab resistance 
in certain crosses and selfed 1itip,s of nptflf.nAR PTnrfn-ncj+a qs* ftVft—SQn loaft 
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BESUIiTS 

As the data for 1938 were obtained by a number of methods, they might 
be considered reliable in making the comparisons between varieties for a 
particular garden but not between varieties for all gardens. As the chief 
objective of the tests was to compare the behavior of the varieties in a series 
of gardens, the 1938 data are not used in this paper. The records for 1939 
and 1940, on the other hand, were all secured by uniform procedure, and 
should be reliable for making comx')arisons within and between tests. 

If the checks for both replications of a particular variety did not show 
50 per cent of the tuber covered with No. 1 pustule type of scab, the data 
were not used in the final analyses. This was done to avoid pseudo-resis- 
tance. The standard is admittedly arbitrary and rather drastic, but if the 
readings on the varieties under test are to be considered dependable the 
checks must show the prevalence of a heavy epidemic. 

The variation in scab incidence within gardens, between gardens, and 
from year to year, as determined by the susceptible check, greatly reduced 
the number of data that could be considered uniform. Twenty-two named 
and numbered varieties met the prescribed limits in both replications in 4 
gardens and for 2 years. The data for these were used in the analyses of the 
variances of types of pustule, of percentages of tuber surface covered, and 
of the covariances between these two criteria. 

PUSTULE TYPES 

Type of pustule is considered by most investigators to be the more impor- 
tant criterion for judging the scab resistance of a potato variety. If large, 
deep pustules are found on the surface of the tubers the variety is considered 
susceptible, regardless of the percentage of tuber surface covered with the 
disease. The data for pustule types are given in table 1. 

The checks all produced the No. 1 type of scab and are not recorded in 
the table. It is evident that some varieties are quite consistent in the charac- 
ter of scab pustule produced. Houma, the most susceptible variety in the 
list, showed the No. 1 type in all but one test. The exception was at Greeley, 
Golo., in 1939, where a No. 2 type of pustule was produced, Sebago showed 
a small degree of resistance with 10 records of No. 2 type and 6 of No. 1. 
It will be noted that in 2 tests of this variety one replication read No. 1, the 
other No. 2. Hindenburg with one exception produced No. 3 type. In 
Michigan in 1939 it produced No. 2 type. The reaction of Richter's Jubel 
was quite consistent with the No. 3 type in all except the 1940 Michigan test. 
In that test one replication read No. 1, the other No. 2. It is very unusual 
to find the No. 1 type on this variety. Arnica showed somewhat less resis- 
tance than either Hindenburg or Richter’s Jubel, but a much higher degree 
of resistance than Houma, Sebago, or the susceptible cheeks. Certain of 
the unnamed varieties, such as AAO-9, 528-14, 528-119, 627-8, 627-213, and 
1037-5, showed a relatively high degree of variation in the types of scab 
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produced. If Hiiidenburg is taken as the standard for resistance, and twice 
the standard error of a difference between means as the criterion of signifi- 
cance, then Eichter’s Jubel, 245-36, 256-11, 528-242, 627-7, and 627-164 are 
in the same class as Hindenburg so far as the type of pustule produced on 
the tubers in this series of tests is concerned. It should be noted that two 
of the resistant varieties had Eichter’s Jubel as a parent, one had Arnica, 
and two had Hindenburg. 

TABLE 1. — 'Data for type of scab pustules on potato varieties grown in duplicate 

rows (A and B) in four gardens in 19S9 and 1940 



Presque Isle, 
Maine 

Greeley, 

Oolo. 

1 

Elk River, 
Minn. 

Michigan 

Mean of 
16 tests 

Varieties 

1939 

1940 

1939 

1940 

1939 

1940 

1939 

1940 


A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 


Sebago 

2a 

2 

1 

1 

2 

2 

2 

2 

1 

2 

2 

2 

2 

1 

1 

1 

Ter cent 

1.6 

Hindenburg 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

3 

3 

2.9 

Richter ^s Jubel 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

3 

3 

1 

2 

2.8 

Arnica 

3 

2 

2 

3 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2.6 

Houma 

1 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.1 

AAO-9 

1 

2 

1 

1 

3 

3 

3 

3 

2 

2 

2 

2 

2 

1 

1 

1 

1.9 

245-36b 

2 

3 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2.7 

256-11 

3 

3 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2.8 

528-14 

2 

3 

1 

1 

2 

2 

3 

3 

3 

3 

2 

2 

3 

3 

1 

2 

2.3 

528-119 

2 

2 

1 

1 

3 

3 

3 

3 

2 

2 

3 

3 

2 

2 

1 

1 

2.1 

528-242 

2 

3 

3 

3 

3 

3 

3 

a 

3 

3 

3 

3 

2 

3 

2 

2 

2.8 

574-20 

3 

3 

2 

1 

2 

2 

3 

3 

2 

2 

3 

2 

2 

2 

1 

2 

2.2 

627-7 

3 

3 

2 

2 

3 

3 

3 

3 

3 

2 

3 

3 

3 

3 

2 

2 

2.7 

627-8 

3 

2 

1 

1 

2 

2 

3 

3 

3 

3 

2 

2 

1 

2 

1 

2 

2.1 

627-18 

2 

3 

1 

2 

3 

3 

3 

3 

2 

3 

2 

2 

3 

3 

2 

2 

2.4 

627-103 

3 

3 

2 

2 

2 

2 

3 

3 

2 

3 

3 

3 

3 

3 

1 

1 

2.4 

627-126 

2 

2 

1 

1 

2 

2 

3 

3 

3 

2 

3 

3 

3 

3 

2 

2 

2.3 

627-164 

2 

3 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2.7 

627-210 

3 

2 

2 

1 

3 

3 

3 

2 

2 

2 

2 

3 

3 

3 

2 

2 

2.4 

627-213 

2 

2 

2 

3 

3 

3 

2 

2 

2 

2 

2 

2 

1 

3 

1 

1 

2.1 

627-273 

2 

2 

2 

2 

3 

3 

3 

3 

3 

2 

2 

3 

^2 

2 

1 

2 

2.3 

1037-5 

1 2 

2 

1 

2 

3 

3 

1 

1 

1 

1 1 

1 

1 

1 

1 

I 

1 

1.4 


Difference for significance at 5-per cent level . 




0.2 


a Types of pustule : 

1 = Relatively large and deep. 

2 = ^ ^ ‘ ‘ but superficial. 

3= small and superficial. 

b Parents of the crosses represented in the table are : 

245, 444-12 X Richter Jubel 
256, 444-12 X Arnica 
528, Richter ^s Jubel X 44537 
574, Arnica X 44537 
627, Hindenburg X Katahdin 
1037,45208x44537 

PERCENTAGES OP TUBER SURFACE COVERED WITH SCAB 

The data for percentage of tuber surface covered with scab pustules are 
given in table 2. The susceptible checks were not included in the table, since 
the tubers of these were all heavily inf ested— none of them showing less than 
50 per cent of their surface covered with scab. 


-Percentage of tuber surface covered with scab pustules on potato varieties grown in duplicate rows (A and B) in four gardens in 
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If the resistance of the varieties in these tests were judged by the data 
in table 2 the conclusions would be somewhat similar, but would not agree 
in every detail with those drawn from the data on type of pustule. Both 
Houma and Sebago showed a much greater variation in percentage tuber 
surface covered than they did in type of pustule. This was true also for the 
unnamed seedling varieties that might be considered intermediate in resis- 
tance, such as 574-20. The resistant varieties were more consistent. 


TABLE 3.— Variance for type of pustule^ percentage of tuber surface covered, and 
the correlations between the two criteria 


Sources 

d/f 

Type of pustule 

Percentage of 
tuber surface 
covered 

Type of pustule 
and tuber sur- 
face covered 

Varieties 

21 

Variances 

3.40 1 

Variances 

2,073.57 1 

Corredation 

coefficients 

-.85t 

Replications 

1 

0.34 

159.57 

-.99t 

Places 

3 

8.80 1 

5,721.35 1 

-.90t 

Years 

1 

8.59 1 

l,092.04t 

-.99t 

Varieties X places 

63 

0.37t 

425.51 1 

-.33t 

Varieties X years 

21 

0.22* 

96.25 

-.03 

Places X years 

3 

4.07 1 

156.10 

~.47t 

Varieties x places x years 

63 

0.46t 

235.99t 

-.38t 

Error j 

175 

0.11 1 

118.37 j 



* = Significant, 
t = Highly significant. 


Again takiig Hindenburg as the standard for resistance and twice the 
standard error of a difference between means as indicating significance, 
Hindenburg, Richter’s Jubel, Arnica, and selections 7, 8, 18, 103, 126, and 
164 from the cross 627, are in the same class. It should be noted that only 
4 of these — ^Hindenburg, Richter’s Jubel, 627-7, and 627-164 — ^were found 
in the most resistant class when judged by the type of pustule produced. 

VARIANCES AND CORRELATIONS 

The variances for type of pustule and percentage of tuber surface 
covered, and the correlations between these two criteria, are given in table 3. 
There was a highly significant difference between the means of the pustule 
types for varieties, places, and years, but the variance for replication was 
not significant. The interactions for variety x place and place x year were 
highly significant also, but the variance for variety x year did not greatly 
exceed the 5-per cent level. A comparison of the variances for percentage 
of tuber surface covered indicated highly significant differences for varieties, 
places, and years, but not for replications. Among the first order inter- 
actions only the variance for variety x place was significant. 

Highly significant correlation coefficients were found between type of 
pustule and percentage of tuber surface covered for all but one of the sources 
of variability calculated. 
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DISCUSSION 

It is evident that there are very significant differences between varieties 
of potatoes in their reactions to scab infection, and that comparative differ- 
ences were fairly constant for the 22 varieties tested in 4 widely separated 
gardens. This might indicate that physiologic forms of Actinomyces scabies 
did not play a very important part in these tests. The significant inter- 
actions between variety and place would indicate, however, either physio- 
logic forms or the influence of other environmental factors or both. The 
high interaction between place and year for type of pustule is evidence in 
favor of environmental factors rather than different physiologic forms, as 
it is highly improbable that the population of scab organisms would change 
its genetic nature from one year to the next. 

Varieties selected in Maine showing the resistance of Hindenburg or 
Kiehter^s Jubel have a good chance of being resistant in other parts of the 
country, but, because of the probability of the presence of physiologic forms 
and of the certainty of environmental influences, they should be tested in a 
wide range of conditions and over a period of years before generalized state- 
ments concerning their reactions are made. 

SUMMARY 

The 22 potato varieties tested in 4 potato-scab gardens show highly sig- 
nificant differences in their reactions to the common scab organisms for 
pustule-type and tuber-surface coverage. 

The type of pustule and the percentage of tuber surface covered with 
pustules were highly correlated, indicating that in the majority of eases the 
relative reactions of the varieties to scab infection could be estimated by 
either criteria. 

In general, the varietal reactions were quite constant for the 2 years and 
for 4 places. The highly resistant varieties showed less tendency to vary 
between years or between places than the slightly resistant or susceptible 
ones. 

The interactions between variety and place are significant and could be 
due to environmental factors or to physiologic forms or to both. The highly 
significant interaction for pustule type between place and year indicates the 
influence of environment rather than different physiologic forms. 

From the potato breeding point of view it seems possible to select varie- 
ties highly resistant to common scab in Maine and have them show similar 
resistance in other sections of the country, but before generalized statements 
of their reactions are made, they should be tested in a wide range of environ- 
mental conditions. 



EFFECT OF ENVIEONMENT ON THE PEEVALENCE OF 
SOIL-BOENE EHIZOCTONIA^ 

O . H . E L M ER 

(Accepted for publication March 11, 1942) 

The rhiEoetonia disease of potatoes, caused by Corticmm vagitm B. and 
C., attacks the potato plant through soil-borne mycelium or mycelium pro- 
duced from soil-borne or tuber-borne sclerotia. Under eastern Kansas con- 
ditions this disease is characterized by local necrotic lesions on underground 
stems and stolons. A decrease in yield results from these lesions and from 
the delayed emergence and, consequently, the shortened growing season 
caused by the rotting off of infected sprouts prior to their emergence. The 
growing season for the spring potato crop in eastern Kansas ends in early 
July because the temperature is then so high as to stop growth and the 
plants die. 

Tuber-borne Ehizoctonia sclerotia generally are recognized as being the 
more frequent source of infection of the potato. Prior to and in the early 
years of this investigation, evidence was obtained indicating that consider- 
able damage to potatoes also may be caused by soil-borne Ehizoctonia. 

The object of the investigations herein reported was to determine the 
relative importance of soil-borne Ehizoctonia as a cause of injury to the 
potato plant. Studies were made on the effect of soil moisture, including 
the drying effect of temperature and wind, on the ability of Ehizoctonia to 
persist from year to year in potato field soils. 

METHODS 

The prevalence of Ehizoctonia in potato-field soils was measured by the 
frequency with which soil-borne Ehizoctonia produced infections to experi- 
mental potato plants. The potato plants used in this investigation were pro- 
duced from rhizoctonia-sclerotia-free tubers that had in addition been 
treated with an effective seed-potato treatment. Seed-potato treatments 
consisted of a 5-minute soak in hot formaldehyde solution, a 90-minute soak 
in 0.1-per cent solution of bichloride of mercury, or a 10-minute soak in a 
0.2-per cent solution of bichloride of mercury acidulated with one per cent 
hydrochloric acid. Ehizoctonia infections that developed on potato plants 
produced from the treated sclerotia-free tubers were believed to have been 
initiated by the soil-borne organism. The prevalence of such infections is 
assumed to serve as an index on the prevalence of Ehizoctonia in the field 
soils. 

Experimental plantings of sclerotia-free, treated potatoes in commercial 
fields were made anually during the seasons 1928 to 1940, inclusive. The 
seed pieces were planted in duplicated 50-foot rows in March during plant- 

1 Contribution No. 414, from the Department of Botany, Kansas Agricultural Experi- 
ment Station. 
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ing of the commercial crop. The soil-rhizoctonia test plots were established 
in 3 commercial fields in 1928, and thereafter in an average of 15 such fields. 

During the first 4 years of this investigation rhizoctonia-infectioii data 
were obtained when the potatoes were harvested in July, but diJEculty was 
experienced in ability definitely to recognize rhizoctonia lesions at this time, 
because the plants were reaching maturity and some of them were dying. 
In 1932 and thereafter, i^hizoctonia-infection data were obtained in May 
when the plants were beginning to bloom. Maximum rhizoctonia infection, 
including infections on underground stems and stolons, has occurred by this 
time, and the lesions can be recognized easily. In obtaining these data the 
plants, including the newly developing tubers, were removed from the soil 
and the infection data were recorded. 

During the seasons 1931 to 1940 rhizoctonia-sclerotia-inf ected nontreated 
tubers were planted in rows adjoining the rhizoctonia-free potatoes. The 
infections that developed on these control plants served as an index on the 
ability of Rhizoctonia to produce lesions on potato plants under the pre- 
vailing environmental conditions. 

Weather records from 1927 to 1939 showing the factors affecting soil- 
moisture content of potato fields in eastern Kansas are iDresented in this 
report. Special attention has been given to annual precipitation and to 
rainfall, temperature, and wind during July and August. These weather 
conditions are of primary importance in determining the soil-moisture con- 
tent of the soils of commercial eastern Kansas potato fields during July and 
August, when soil-moisture content becomes the lowest. 

results 

The results obtained during the 13 years of this investigation show that 
environmental conditions are highly important in determining how success- 
fully soil-borne Rhizoctonia can persist from year to year in eastern Kansas 
field soils. 

The commercial potato crop in eastern Kansas matures and usually is 
harvested in early July. Throughout the rest of the summer the fields 
usually remain fallow. Summer temperature in this area is too high for 
the production of rhizoctonia sclerotia as is disclosed by the fact that they 
are rarely found here on tubers of the early summer crop. Thereafter the 
fungus must consequently exist saprophytically as soil-borne mycelium. In 
this state its persistence depends on the presence of sufficient soil moisture 
to prevent death from desiccation. The springtime prevalence of soil-borne 
Rhizoctonia in these fallow fields indicates to what extent this fungus is 
able to persist in such field soils during the preceding summer. 

A second crop of potatoes or a crop of rhizoctonia-suseeptible vetch, cow- 
peas, or soybeans, sometimes planted about August 1, promotes the ability 
of this organism to persist in potato fields during hot, dry summers. 

Effect of Soil Moisture Content During the Summer on Survival of 
Rhizoctonia in the Soil 

The soil-moisture content of fallow potato fields during the summer 
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months is largely determined by the total animal precipitation and the J uly- 
Angust rainfall, by summer temperatures, and by air movement, which may 
be measured as total miles of wind per month. Eecords of these environ- 
mental factors for 1927 to 1939 inclusive, are presented in table 1. The sum- 
mer temperatures recorded are the average daily maxima for the month. 


TABLE 1 . — Effect of environment on prevalence of soil-home BJmoctonia 


Year 

Average 
maximum daily 
temperature 
(degrees F.) 

Precipitation (inclies) 

Wind miles 

Per centa 
infection 

July 

August 

July 

August 

Annual 

July 

August 

Total 

1927 

86.7 

80.0 

6.23 

6.80 

43.80 

5,309 

4,737 

10,046 


1928 

87.8 

87.6 

2.75 

4.91 

32.20 

5,330 

5,454 

10,784 

53.2 

1929 

88.6 

89.5 

1.70 

2.64 

32.81 

5,695 

5,297 

10,992 

50.4 

1930 

93.9 

90.9 

1.57 

2.88 

33.89 

6,035 

5,089 

11,124 

21.3 

1931 

91.8 

85.0 

3.41 

6.48 

36.79 

5,394 

4,757 

10,151 

36.2 

1932 

90.6 

89.4 

2.89 

7.82 

28.36 

6,314 

6,314 

12,628 

32.1 

1933 

92,9 

86.3 

2.47 

3.50 

22.24 

6,364 

5,869 

12,233 

12.5 

1934 

102.0 

97.0 

2.87 

1.71 

27.30 

6,907 

6,548 

13,455 

3.0 

1935 

99.7 

91.6 

0.03 

3.98 

37.31 

6,205 

6,160 

12,365 

1.1 

1936 

102.5 

101.2 

1.11 

0.57 

22.63 

6,599 

6,544 

13,143 

4.9 

1937 

95.5 

96.4 

1.65 

3.51 

19.43 

6,287 

6,384 

12,671 

3.1 

1938 

94.0 

96.2 

3.97 

2.15 

29.01 • 

5,610 

7,299 

12,909 

1.1 

1939 

99.1 

89.3 

1.26 

3.51 

22.33 

6,759 

6,198 

12,957 

1.3 

1940 









3.8 












a From Rliizoctoiiia that persisted in the soil through the preceding summer. 


Meteorological data from the Topeka station of the United States 
Weather Bureau, presented in table 1, show that the annual precipitation 
and the July-August rainfall were relatively high and that temperature and 
total wind mileage were relatively low during July and August of 1927 to 
1932, inclusive. 

The annual rainfall at Topeka for the period 1927 to 1932, inclusive was 
respectively, 43.80, 32.20, 32.81, 33.89, 36.78, and 28.36 inches. The July- 
August rainfall during these years was, respectively, 13.03, 7.66, 4.34, 4.45, 
9.89, and 10.71 inches. The maximum daily temperature for July and 
August averaged below 90° P., and total miles of wind for the same months 
varied from 10,046 to 11,124 miles. 

As a result of these environmental conditions, eastern Kansas potato- 
field soils did not become excessively dry and a considerable amount of soil- 
borne Ehizoctonia was able to persist during the summer months. It is 
shown in table 1 that 53.2, 50.4, 21.3, 36.2, 32.1, and 12,5 per cent, respec- 
tively, of the experimental potato plants became infected with Ehizoctonia 
during the springs of 1928 to 1933. 

Weather conditions in eastern Kansas during 1933 to 1939, inclusive, dif- 
fered widely from those of the first 6 years of this investigation. Annual 
precipitation during 1933 to 1939, inclusive, with the exception of 1935 was 
relatively low; only small amounts of rain fell during the summer months 
of these years. The annual rainfall during these 7 years was, respectively, 
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22.24, 27.30, 37.31, 22.63, 19.43, 29.01, and 22.33 inehes. Rainfall during 
July and August of each, of these years was, respectively, 5.97, 4.58, 4.01, 
1.68, 5.00, 6.12, and 4.77 inches. Summer temperatures were relatively high 
during these years, and there was considerably more wind than during the 
first 6 years of this investigation. The average daily maximum temperature 
for July and August in 1933 to 1939, respectively, was 89.6, 99.5, 95.6, 101.9, 
95.9, 95.1, and 94.2° P., and total miles of wind during July and August of 
these years varied from 12,233 to 13,455 miles. 

As a result of the deficient rainfall, the high summer temperatures, and 
the relatively windy weather during 1933-1939, field soils became excessively 
dry. Sub-soil moistures became depleted during the consecutive years of 
drought and the meager rains that fell soon evaporated due to the then 
prevalent dry weather conditions. 

Infection data obtained during the springs of 1934 to 1940, inclusive, 
(table 1) indicate that very little soil-borne Rhizoctonia was able to survive 
in eastern Kansas potato fields during the summers of 1933 to 1939. The 
average number of potato plants infected by soil-borne Rhizoctonia during 
the succeeding springs of 1934 to 1940 was, respectively, 3.0, 1.1, 4.9, 3,1, 
1.1, 1.3, and 3.8 per cent. 

Sclerotia-infected, nontreated potatoes, planted as controls in rows ad- 
joining the sclerotia-free treated tubers, produced many rhizoctonia-inf acted 
plants. The percentages of plants that became infected with the seed-borne 
fungus in the tests of 1930 to 1939 were, respectively, 85.5, 95.6, 92.2, 88.6, 
94.4, 90.7, 96.4, 99.3, and 92.3. These data provide evidence that the low 
infection percentages by soil-borne Rhizoctonia during the later years of 
this investigation were not due to unfavorable environmental conditions but 
to the presence of only small amounts of Rhizoctonia in the field soils. 

Effect of Living Host Plants on Survival of Rhizoctonia in the Soil 

Data obtained during this investigation indicate that the survival of soil- 
borne Rhizoctonia in relatively dry soils is greatly facilitated when living 
host plants of this pathogen are present. 

It was repeatedly noted that the Rhizoctonia content of potato field soils 
was higher when a fall crop of potatoes or when such rhizoctonia-susceptible 
fertility crops as vetch, or eowpeas, had been grown in those fields the pre- 
ceding summer and fall. Sclerotia-free, treated tubers were planted in the 
spring of 1936 in 3 fields in which a fall crop of potatoes had been produced 
in 1935. Soil-borne Rhizoctonia developed the following spring on, respec- 
tively, 15.0, 17.5, and 58.3 per cent of the experimental potato plants in these 3 
fields. In contrast, only 4.9 per cent infection occurred in those commercial 
fields that, in 1935, had not produced a fall crop of potatoes. The field in 
which 58.3 per cent infection occurred had been planted in August, 1935, 
with untreated tubers severely infected with rhizoctonia sclerotia. 

DISCUSSION 

Prevalence of soil-borne Rhizoctonia in the potato fields of the Kansas 
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Eiver Valley varied greatly dnring the 13 years of this investigation. The 
data indicate that, under eastern Kansas conditions, Ehizoctonia can persist 
saprophytically in fallov*^ soil only during summers when the soil does not 
become excessively dry. 

The correlation between summer weather conditions and the survival 
ability of Ehizoctonia in potato-field soils is illustrated in figure 1. This 
graph illustrates how the abundant summer rainfall of the early years of 
this investigation were accompanied by low summer temperature and rela- 
tively little wind, and, inversely, how low rainfall in July and August of the 
later years was accompanied by high summer temperature and high winds. 
The graph further illustrates how soil-borne Ehizoctonia was comparatively 
abundant following moist and relatively cool summers and how its preva- 
lence decreased following summers when the field soil became excessively 
dry. 

The periodic dying out of soil-borne Ehizoctonia, induced by environ- 
mental conditions, is important to potato growers in eastern Kansas. In- 
fections from soil-borne Ehizoctonia may be prevalent in potato plants fol- 
lowing such cool, moist summers as those of 1927 and 1928, but injury from 
this source is of little importance following summers of low soil-moisture 
content. The prevalence of soil-borne Ehizoctonia in eastern Kansas can be 
approximately predicted from the relative soil moisture content of the pre- 
ceding summer. 

The potato growers’ most serious losses from Ehizoctonia usually result 
from seed-borne inoculum. Observations during the course of this inves- 
tigation indicated that severity of injury to affected plants is much the same, 
whether from tuber-borne or soil-borne Ehizoctonia, but that the infections 
from the seed-borne organisms are usually more prevalent. In regions like 
eastern Kansas, where soil-borne Ehizoctonia may periodically be practically 
eradicated because of environment, effective seed-potato treatments are val- 
uable not only in preventing infection of the current season’s crop but also 
in preventing reinfestation of the soil with this fungus. 

SUMMARY 

Wide differences were noted in the prevalence of soil-borne Ehizoctonia 
in Kansas potato fields during the 13 years of this investigation. Ehizoc- 
tonia was able to survive in the soil only in those years when there was 
sufficient summer rainfall to prevent desiccation and death of the organism 
in its mycelial stage. Sclerotia were absent during the critical summer 
months, because their formation requires cooler weather than usually occurs 
in Kansas in July and August. 

The rhizoctonia organism can persist parasitically on infected host 
plants during summers when the soil is so dry that it cannot survive sap- 
rophytically. 

Kansas State College,, 

' Manhattan; K^^ 


CONTROL OF FUNGI IN MUSHROOM CASING SOIL BY 
STERILIZATION WITH CHLOROPICRIN" 

Albeet M. Kligman 
(Accepted for publication February 10, 1942) 

INTRODUCTION 

Mushroom beds are covered with soil 1 inch deep in order to induce the 
formation of mushrooms. An increasing number of growers are employing 
soil sterilization as a regular part of their control practice. Sterilization of 
this soil (casing soil) is aimed principally at eradication of Mycogone perm- 
ciosa Magnus, the organism causing the destructive bubble^’ disease. This 
organism has become so widespread in areas where mushrooms have been 
grown intensively that it is almost impossible to obtain soil that is entirely 
free of it. Soil sterilization has been particularly necessary for growers 
who have mushrooms on the beds in early fall and late spring when the 
‘‘bubble’’ disease becomes most serious. 

Increased attention to the control of mushroom diseases has indicated 
that the casing soil may also be the avenue of entrance for other organisms 
besides Mycogone perniciosa. This is particularly true of soils contaminated 
with trash or drainage from mushroom houses. Among the organisms that 
may be introduced with contaminated soil are the following: Verticillhm 
malthousei Ware, causing spotting and malformation of the mushrooms: 
Dactylium dendroides (Bull.) Fr., causing soft decay; Pseudohalsamia 
microspora Diehl and Lambert, the “truffle,” which may be introduced into 
the compost when infested soil is added to it or which may be carried in with 
the casing soil (1). The less important green molds Trichoderma sp. and 
Fenicillium sp., which may become serious if the beds are not properly man- 
aged, are also common inhabitants of the soil. 

Under certain conditions the opportunity exists for pests like mites and 
springtails to find their way into the houses via the easing soil. Infestations 
of the long-legged mite, Linopodes antennaepes Banks have been traced to 
the casing soil. The frequency with which such pests get into the houses by 
this means is not definitely known, yet the possibility must be considered in 
a strict sanitation program. 

In the widest sense, then, soil sterilization should be regarded as having 
the general aim of eradicating all the injurious fungi and pests. It must be 
admitted, however, that, ordinarily, the miticidal and insecticidal properties 
of the sterilization treatment are unimportant. 

Steam sterilization has proved satisfactory as a fungicidal as well as an 
insecticidal measure. Its chief disadvantages to most growers are cost of 
equipment and necessity of hiring it. Very infrequently certain soils are 
damaged by the steam treatment. This toxic effect also has been observed 

1 The writer is indebted to J. W. Sinden and 0. A. Thomas of the Pennsylvania State 
College for suggestions in the course oi the study and for criticism of the manuscript. 
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in greenhouse soils. Lambert has pointed out the danger of overheating 
casing soil (5). 

Beach has recommended sterilization with formaldehyde (1) . The neces- 
sary technique is simple and inexpensive, and is very effective against My- 
cogone perniciosa. Consequently, it has become widely popular among 
mushroom growers. Formaldehyde is not an insecticide, though, admittedly, 
this is not of prime importance. Some soils, particularly those in w^hich 
nitrogen-fixing plants have been grown, respond unfavorably to formalde- 
hyde treatment. In these cases, the soil becomes predisposed to the develop- 
ment of an excessive amount of green molds or the mushrooms fail to form 
properly. This type of damage can, however, be avoided by using the proper 
kind of soil. Formalin is now somewhat difficult to secure because of war 
priorities. 

The success of chloropicrin as a nematocide, insecticide, and fungicide 
has suggested its use for mushroom casing soil (2, 3, 7). It volatilizes 
rapidly into a pow’^erfully lethal ^‘tear gas.’’ Accordingly, research was 
undertaken to determine its possible efficacy in sterilizing casing soil. 

experimental control op fungi in casing soil 

Since eradication of the spores of Myoogone perniciosa is the primary 
purpose of sterilization, several studies were made on the susceptibility of 
this organism to chloropicrin. Four cubic feet of soil were inoculated with 
My CO gone spores by mixing in macerated tissue of a large number of mush- 
rooms badly affected with bubble” disease. This soil was divided into 4 
boxes, each holding 1 cu. ft. Three of the boxes were treated with chloro- 
picrin at the rate of 2, 3 and 5 ml., respectively. A single injection, 6 in. 
deep, was made in the center of each box. One box was left untreated. 
The surface of all the boxes was watered, then covered with several layers 
of cardboard. After 3 days the cover was removed. The gas was still very 
strong at this time in the treated boxes. In 10 days all trace of it had dis- 
appeared. The contents of each box was used to ease 2 duplicate trays, each 
containing about 7 sq. ft. of mushroom bed. The trays were then put under 
ordinary cold frames in preparation for bearing. The experiment was con- 
ducted in the spring, and the afternoon temperature in the frames was 
frequently as high as 70° F. 

On the first break all the mushrooms on the untreated plots were severely 
malformed, showing the characteristic puffball-like symptom induced by 
My cogone perniciosa. On the remaining 6 plots no diseased mushrooms 
appeared. The infected plots were immediately discarded. Subsequently, 
mushrooms were picked off the remaining plots for the next month. No 
diseased mushrooms appeared on any of the plots. 

It is evident that under the conditions of the experiment 2 ml. of chloro- 
picrin per eu. ft. sufficed to kill the spores of My cogone perniciosa. All the 
treated plots seemed to react in the same way. A good number of high- 
quality mushrooms were picked from each tray. 

The effect of chloropicrin on other fungi common to mushroom beds was 



Fig. 1. Injection of chloropiorin into casing soil in wooden bin. 
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similarly determined. Soil was inoculated with spores of Verticillium 
malthousei, Dactylium dendroides, and Pseudolalsamia microspora. Two 
trays were used for each species, one containing soil treated at the rate of 
2 ml. of ehloropicrin per cu. ft. and the other untreated. 

The untreated plot containing Verticillium spores produced mushrooms 
that were about 80 per cent spotted on the first break. No spotted mush- 
rooms appeared in the treated soil. It is interesting to note that Godfrey 
has reported control of Verticillium alboatrum on strawberries and Verti- 
cillium wilt of tomatoes with ehloropicrin (3). The untreated tray in 
which infection occurred was covered with glass to increase the humidity. 
On the next break all the mushrooms were spotted or malformed. The 
control was disease-free. 

No sign of the Dactylium appeared in the untreated plot until the second 
break, when it appeared in the corner of the plot. The tray was then heavily 
watered and covered with glass. In 2 weeks’ time the entire tray was cov- 
ered with a luxuriant growth of Dactylium mycelium, and mushrooms that 
emerged were attacked. The fungus did not appear in the treated tray. 

In the trays cased with soil inoculated with Pseudohalsamia, truffle did 
not appear either in the treated or non-treated plot. Hence, no conclusion 
can be drawn. 

FUMIGATION OP CASING SOIL IN BINS 

For large-scale sterilization it was decided to treat the soil in roughly 
constructed bins erected on the composting ground in the rear of the mush- 
room houses (Fig. 1). Such a procedure should secure a uniform distribu- 


tion of the ehloropicrin and guarantee the best possible confinement of the 
gas. A bin approximately 9 ft. wide, 11^ ft. long and 3 ft. high, holding 
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enough soil to case a standard house of about 4000 sq. ft. of bed space, was 
made with the sides detachable so that they could be broken down and either 
transported or stored. Wooden or iron supports were propped against the 
sides when the bin was full. The bin was erected immediately after the 
houses were filled. 

An interval of 3 to 4 weeks ordinarily intervenes between filling and eas- 
ing, ample time to allow escape of the gas. As usual, the soil was screened 
through a l-in.-mesh screen before placing in the bin. A bottom layer of 
soil 1 ft. deep was thrown into the bin, leveled off, and marked out into 1 
ft. squares. Five ml. of ehloropicrin were injected 4 inches deep into the 
center of each square. A second and third layer of soil, each 1 ft. deep, 
Avere treated in the same manner. About 54 lb. of ehloropicrin Avere used 
for the bin. When the latter was full the surface was watered to a depth 
of about an inch and covered with the glue-coated paper recommended by 
Godfrey (3). After 3 days the cover was removed. A week later the pile 
was turned over. Subsequent experiments proved this operation unneces- 
sary, since the gas normally escaped within 2 weeks. 

The soil used in this experiment came from a field adjoining a mushroom 
plant. The grower in whose houses the experiments w^’ere done had used 
soil from the same source for years and had finally been compelled to sterilize 
it because of serious losses from the bubble disease.^ A binful of this 
naturally infested soil was treated in the above manner. A second pile was 
left untreated. A third was treated with formaldehyde, as recommended 
by Beach, and a fourth was steam-treated. Four houses were subsequently 
eased with the 4 piles treated in different ways. The houses were kept in 
bearing 3 months, during which time careful observations w^'ere made. Many 
bubbles appeared on the first break in the house containing non-treated soil. 
On subsequent breaks the loss resulting from Mycogone infection became 
quite serious. An unusually long hot spell increased the severity of infec- 
tion, so that the difference between this house and the houses containing 
treated soils was very conspicuous. In these practically no bubbles appeared 
in the first 3 weeks. A few appeared in later breaks, evidently^ because of 
reinfection. Apparently all 3 of the treatments, ehloropicrin, steam, and 
formaldehyde, were equally effective. While production records were not 
kept in these houses, it was impossible to observe differences in the variously 
treated houses. 

A number of houses were subsequently cased with soil treated with 
ehloropicrin in the same manner. In all eases a good control of the bubble 
disease was effected. It proved unnecessary to build a bin for each pile; 
instead, a binful was treated, then broken down after 48 hours, and moved 
over and assembled for the next lot. The end of the bin into Avhieh the soil 
is thrown may be built up with 1-ft. wooden boards as the soil is put in or 
it may be left entirely open. As Godfrey has pointed out, the water seal is 
unnecessary when the gas-impervious paper is used. As a matter of fact, 

2 The experiments were earried out in the houses of J. B. Swayne, Kennett Square, Pa. 
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soil treated in bins may simply be covered with burlap, newspapers, or build- 
ing paper and then wetted down. 

Production records were kept in two houses, one of which contained soil 
chloropicrin-treated, the other, soil treated with formaldehyde. The num- 
ber of 10-lb. baskets taken out of each house during the 3 months of pro- 
duction was recorded. The soil treated with chloropicrin yielded 1.7 lb. per 
sq. ft. The formaldehyde-treated soil yielded 1.4 lb. per sq. ft. The dif- 
ference cannot be attributed to the treatments. No replications were made. 
The results, however, show that chloropicrin does not impair the productive 
capacity of the soil. Previous observations tended to establish this point. 

Increased fertility of the soil, sometimes noticed as a result of partial 
sterilization with chloropicrin, has not been obvious in these studies. One 
reason for this may be that the soil is not a source of nutrients for the mush- 
room, In mushroom culture the sole object of soil sterilization is the elimi- 
nation of harmful organisms. If this be achieved without damaging the soil, 
the treatment may be regarded as satisfactory. 

An attempt was made to treat soil in loose piles, but was promptly aban- 
doned because it was difficult to obtain uniform distribution of the ehloro- 
picrin in loosely shifting soil. One Kennett Square grower has succeeded 
in controlling the disease by treating the soil in loose piles. This practice 
is, however, rather uncertain and is not at all recommendable. 

In the preliminary experiments it was shown that spores of Mycogone 
were killed by a dosage of 2 ml. per cu. ft. Five ml. per cu. ft. were used 
in the bins in order to insure a lethal concentration under the variable con- 
ditions that might exist in the field. Experience with the bins indicated 
that confinement of the gas was good enough to permit a reduction in dosage. 
The soil for several houses was treated at the rate of 3 ml. per cu. ft. Obser- 
vations on these houses indicated clearly that 3 ml. per cu. ft. were adequate. 

FIELD TESTS 

Fumigation of soil in bins is somewhat troublesome because the soil must 
be treated in 1 ft. layers. This labor is not prohibitive, since the soil must 
be piled on the composting ground, anyway. It would be simpler still, 
however, to inject the soil directly in the field prior to screening. Ordinarily, 
the soil is disked and then screened. It is thus in loose condition and 
suitable for treatment. Partial sterilization of the soil directly in the field 
has been satisfactorily accomplished for other purposes (2). A preliminary 
experiment was conducted to test this point. Two plots, 6 feet square, were 
disked to a depth of 8 inches and inoculated with spores of Mycogone. A 
ditch 1 foot wide and a foot deep was dug around each plot. Many lumps 
and clods of soil were lying freely on the surface, but no attempt was made 
to crush them, since the grower would not find it practical to do this. After 
infestation, the soil in each plot was mixed by turning with a shovel. 
Prom one of the plots about ^ cu. ft. of soil was removed for subsequent use 
as a check. The plots were then marked out into l-foot squares, and the 
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center of each square injected with 3 ml. of chloropicrin to a depth of 3 
inches. Because of cost a heavier injection was not applied. Most growers 
use no more than the top 6 or 8 inches of soil. Both plots were sprinkled 
with water to create a water seal. One plot was covered with canvas and 
the edges buried all around in soil. The other was left uiieovered. By the 
next day the surface of the uncovered plot had dried out. After 3 days 
the canvas was removed. The gas was distinctly detectable at that time. 
None could be detected in the uncovered plot. The daily afternoon tem- 
perature during this experiment was about 80® P. The soil of both plots was 
again thoroughly mixed. Enough was removed from each plot to case two 
trays similar to those employed in the first experiments. An added tray 
was cased with soil removed from one of the infested plots piuor to treatment. 

The trays were put into an empty house. The mushrooms on the non- 
treated soil began to emerge as typical bubbles and the tray was discarded. 
The soil from the treated, uncovered plot yielded mushrooms in both trays^ 
which were about 35 per cent infected. These, too, were discarded. The 
soil from the plot covered with canvas after the treatment yielded disease- 
free mushrooms for 2 breaks, when they, likewise, were discarded. 

It is obvious that adequate confinement of the gas is impossible with a 
water seal. This is true particularly during hot weather, when the water 
tends to evaporate readily and the gas volatilizes more quickly. On the 
other hand, the water seal and canvas covering were effective. Undoubtedly, 
the former can be eliminated. Godfrey has reported the water seal entirely 
unnecessary when the gas-impervious glue-coated paper is used. He esti- 
mates that this paper would cost not more than 2^ per sq. ft. and it may be 
used repeatedly (3). The only objection to the use of strips of glue-coated 
paper is that they are difficult to keep in place on a windy day. This actu- 
ally was the experience when they were tried in an experiment. On the 
other hand, canvas is heavier and may be had in large pieces. Whatever 
type of cover is used, a tight seal should be made around the edges. Three 
ml. per square foot suffices if the confinement of the gas is good. The im- 
portance of good confinement cannot be over-emphasized. No attempt was 
made to determine the depth of penetration of the gas, though it seems clear 
that it penetrated the top 8 inches. 

Field treatment is a comparatively simple matter. Enough soil can be 
treated and covered in an hour to ease a standard house. This amount of 
soil is contained in a plot about 25 ft. square if the top 6 inches are removed. 
It requires about 7 lb. of chloropicrin to treat this area in the field at the 
rate of 3 ml. per sq. ft. Half this amount is required for an equal amount 
of soil in the bins. It must be emphasized that the efficacy of the field 
treatment will depend on the degree of confinement of the gas. The surface 
of the field should be leveled off with a rake before the injections are begun. 
Not all the soil need be treated at one time. A plot may be treated one day 
and covered. After 48 hours, the cover may be transferred to the next 
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plot. In this way a relatively small amount of cover can be successively 
used for a large area. 

The soil should not be allowed to remain in the field very long after the 
cover is removed because of danger of recontamination. It is inadvisable 
to treat the soil too far in advance of its use. Ordinarily, injections may be 
begun when the houses are filled. A week later the soil may be removed 
and piled on the composting ground, as usual. 

PUMIGATIOH OP EMPTY HOUSES 

Several trials were made to determine the value of chloropicrin as a 
fumigant. Formaldehyde or sulphur-dioxide ordinarily are used for fumi- 
gation of mushroom houses between crops. It was observed that chloropicrin 
did not evaporate rapidly enough when poured into a shallow pan. Eapid 
evaporation did occur when the chloropicrin was slowly poured along the 
length of the elevated walkway in the middle aisle. A gas mask was used 
during this operation. The fungicide was applied at the respective rates 
of -J, i, and i lb. per cu. ft. Spores of Mycogone, Dactylmm, and Tricho- 
derma were not killed by any of the fumigations. It was not considered 
advisable to use more than a half pound per thousand cubic feet because 
of the prohibitiveness of the cost. 

CONCLUSION 

Sterilization of casing soil with chloropicrin is a practical procedure 
that can be easily adapted to cultural practice. The fungicidal powers 
of chloropicrin cannot be doubted.^ As a matter of fact, the field treatment 
with chloropicrin is as simple as sprinkling with Formalin and requires 
little effort or time. The grower may experience a little trouble with the 
special injectors at first until he learns the technique. It is essential to 
secure an adequate confinement of the gas. This may be easily managed 
by the use of a canvas. Merely wetting the surface of the soil after the 
treatment will not prevent rapid escape of the gas, especially in warm 
weather. Bin treatment is somewhat more troublesome than field treatment, 
but it is not at all prohibitively so. It is true, however, that 'only half the 
amount of chloropicrin used in the field is necessary when the soil is treated 
in bins. Soil should not be treated when the outside temperature drops 
below 60° F. Wet soils must be avoided because of the very limited solu- 
bility of chloropicrin. A loose, moist soil is ideal. A gas mask is not needed 
Avhen the soil is treated outdoors. The treatment can be carried out with 
almost no inconvenience to the operator. Soil for the winter refill must be 
treated during warm weather and stored in a clean place. It is entirely 
practicable to inject the chloropicrin into the soil as it is being piled up in 
the storage shed; the technique is very simple and requires but little extra 

3 C. A. Thomas of the Pennsylvania State College has investigated the susceptibility 
of several species of mushroom house pests to chloropicrin. His studies were made coin* 
cidently with those reported in this paper and were carried out under the same condi- 
tions. The results of this work will be reported in the J ournal of Economic Entomology. 
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effort. Since the stored soil will not be needed for 3 to 5 months, there will 
be a sufficient interval to permit the escape of the gas. A gas mask should 
be used if the storage shed does not admit a good supply of fresh air. 

Actually, ehloropicrin need replace formaldehyde only when it is sus- 
pected that mites or springtails are getting into the houses with the easing 
soil. One grower in North Carolina suffered material losses as a result of 
the damage caused by the long-legged mite, Linopodes antennaepes. He was 
able to eliminate the mite by fumigating his casing soil with ehloropicrin. 
In instances of this kind, ehloropicrin is, of course, more desirable than 
formaldehyde because of its insecticidal powers. At the present time 
Formalin is becoming somewhat difficult to obtain because of w’'ar priorities. 
Under these circumstances growers should not hesitate to use ehloropicrin. 


SUMMARY 

Spores of Mycogone^ Yertioillium, and Dactylium were killed by ehloro- 
pierin used at the rate of 2 ml. per cu. ft. of soil. A method of treating 
soil in roughly constructed wooden bins is described. Three ml. of chloro- 
pierin per cu. ft. gave good results in the bins. A method of treating soil 
directly in the field is described. In this method 3 ml. of ehloropicrin are 
used for each square foot of surface. Good results are obtainable in the 
field if the gas be confined by an impervious cover. Soil treated with chloro- 
pierin gave results comparable with those from soil treated with formalde- 
hyde and steam. It is not economical to use ehloropicrin for the fumigation 
of empty houses. 

University op Pennsylvania, 

Philadelphia, Pennsylvania. 
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A STEAIN OF TOBACCO-MOSAIC VIRUS CAUSING A NECROSIS 
AND SHRIVELING OP TOMATO FOLIAGE 

S. P. POOLITTLE AND P. S. BEECHEK 
(Accepted for publication March 21, 1942) 

INTRODUCTION 

At times during the past 6 years, greenhouse tomatoes at Beltsville, 
Maryland, have been affected by a mosaic disease causing necrosis and shriv- 
eling of the foliage. The disease has been observed only once in the field, 
but is known to have occurred as early as 1930 in greenhouses in Washington, 
D. C., and at Arlington, Virginia. On tomatoes it causes considerably 
greater injury than either the common green form of tomato (tobacco) 
mosaic {Marmor iabaci var. vulgare Holmes) or the yellow strain of the 
same virus {Marmor iabaci var. aucuba Holmes). It has been of particular 
interest because of its sporadic appearance in the greenhouse and the lack of 
evident sources of primary infection. 

SYMPTOMS 

Tomato 

On tomatoes, the first symptom consists of a mottling much like that of 
the ordinary green tobacco mosaic, although of a slightly yellower type in 
young plants. This, however, does not resemble the bright, yellow mottle 
of the yellow or aucuba strain of tobacco mosaic. Within 12 to 15 days 
after inoculation, the older leaves begin to develop small, diffuse yellow 
areas, which show a minute, reddish-brown, necrotic stippling that gives 
these spots a characteristic russet-orange color (Pig. 1, B). These rusty 
patches gradually develop into large, pale-brown, papery spots that gen- 
erally extend to the margins of the leaflets (Fig. 1, A). When so affected 
the leaflets are curled downward at the margins, twisted, and somewhat mal- 
formed (Pig. 2, A). Occasionally, an entire leaflet yellows rapidly, and 
fine, necrotic markings occur along the small veins (Pig. 1, C) . This general 
yellowing of the older leaflets has been noted only in plants from 12 to 18 
inches tall at the time of inoculation. It has occurred only when unusually 
low temperatures (65° to 70° P.) prevailed for 3 to 4 days just preceding 
the time when symptoms were first appearing. 

As the disease progresses, the older leaves wither but remain attached to 
the plant. The withering of the foliage continues slowly up the stem and is 
readily confused with damage from fumigation or other chemical treatments 
(Pig. 2, B) . There is no stem or petiole necrosis, and the new leaves show a 
green mottle with occasional reddish-brown necrotic areas that enlarge 
slowly. The affected leaflets are somewhat dwarfed and much curled and 
twisted. After they mature, these leaves gradually wither, but a fair 
amount of foliage always remains green at the upper portion of the plant. 
Only a few fruits are produced, but these are of normal appearance. 
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Leaf necrosis develops most rapidly at low temperatures. When held 
at temperatures ranging from 60° to 75° F., yonngj rapidly growing plants 
of 7 to 8 leaves have occasionally developed a general necrosis within 14 days 
after inoculation. The virus is readily transmitted by the ordinary leaf- 
rubbing technique or by brushing, handling, or pruning diseased and healthy 
plants. 



Fig. 1. Symptoms produced on tomato leaflets by the leaf -shriveling strain of the 
tobacco-mosaic virus. A, Typically curled and tvristed leaflet showing yellowing and 
necrotic spots near the margin; B, leaflet showing necrotic spots and the russeting that 
precedes severe necrosis; C, leaflet entirely yeUowed and covered with a fine, stippled 
necrosis. 

Other Host Plants 

As far as determined, the host range of the leaf -shriveling virus has been 
the same as that of tobacco mosaic. When tested in parallel series of inocu- 
lations on various wild species of Lycopersicon, the symptoms have been the 
same on all susceptible species. Those species showing a complete suppres- 
sion of symptoms, when infected with the tobacco mosaic virus, have showm 
the same reaction to the tomato virus. The following species have been 
tested : Lycopersicon pimpinellifolium (Jusl.) Mill, L, Mrsntum Hunib. 
and BonpL, L. Mrsutum t. glabraium C. H. Mull., L. perumamim (L.) Mill., 

L. peruvianum var. dentatum Dun. and i. glandulosum G. H. Mull. i 

On the Samsun variety of turkish tobacco (Nicotiana tahacum L.) the 
symptoms have always been the same as those of ordinary tobacco mosaic. 

At times, the tomato virus appears to produce a slightly yellower green of 
the entire leaf, but the pattern of the mottling is that of ordinary tobacco 
mosaic ; no consistent differences in symptoms have been observed. There is 
no necrosis of leaf or stem and no yellow mottling of the aucuba type at any 
stage of growth. f 

On Nicotiana rustica L., A. pmic%laia Jj., and N. quadrivalvis Pursh., I 
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the symptoms also are like those of tobacco mosaic. The same is true of 
N, gluUnosa Ij., where primary lesions are produced like those of tobacco 
mosaic, and the virus generally remains localized in the inoculated leaves. 
On N. glauca Graham, it differs from ordinary tobacco mosaic in the pro- 
duction of minute, superficial, reddish-brown, stippled lesions on the inocu- 
lated leaves but there is no systemic necrosis or mottling, although the virus 
becomes systemic. 


^ Pig. 2. A, Tomato leaf showing curling, twisting, and necrosis of the leaflets 
typical of the leaf -shriveling virus; B, tomato plant showing shriveling of the older 
foliage. 

On Nicotiana sylvestris Speg. and Comes, the tomato virus behaves like 
the aueuba type of mosaic in producing dark-brown, circular, necrotic pri- 
mary lesions. It has not become systemic on this host except in the case of 
occasional young plants grown at high summer temperatures ( 90 °- 95 ° P.) 
in the greenhouse. In these plants there was a veinal necrosis and eventual 
death of all but the youngest leaves. 

On pepper {Capsicum frutescens L.), Physalis angulata L., Physalis 



1942] DooMTTiiE AND Beeoher: Virosis op Tomato Foliage 989 

pubescens L., Physalis heterophylla Nees., and Physalis alkekengi L. the 
symptoms are like those of tobacco mosaic and the same is true for Datura 
stramonium L., where the tomato virus produces primary local lesions but 
does not become systemic. On Scotia bean (Phaseolus viclgaris L,) the 
primary lesions also are like those of tobacco mosaic. 

No infection has occurred in cucumber {Cummis sativus L.), muskmelon 
(C. melo L.), watermelon (Citrullus vulgaris Schrad.), beet {Beta vulgaris 
L.), lettuce (Lactuca sativah.) , celery {Apium graveolens L.), or pokeweed 
{Phytolacca decandra L.). 

RELATIONSHIP TO THE VIRUS OF TOBACCO MOSAIC 

Physical Properties 

As far as determined, the physical properties of the leaf -shriveling virus 
are the same as those of ordinary tobacco mosaic. A number of comparative 
determinations on young plants of tomato, turkish tobacco, and Nicotiana 
ghttinosa have shown that the thermal destruction point of both viruses lies 
between 90° and 95° C. These trials were made with 2 cc. samples of the 
plant juices diluted 1 to 5 with tap water and heated for 10 minutes in a 
water bath controlled within dz 0.2° C. 

Both viruses have produced a few lesions on Nicotiana glutinosa when 
diluted 1 to 1,000,000, and consistent infection has occurred on both turkish 
tobacco and N. glutinosa at dilutions of 1 to 100,000. Both viruses have 
been recovered in a rather high concentration from leaves of tobacco dried 
for 7 years at room temperatures, and also have remained active when held 
in vitro at room temperatures (21° to 27° C.) for 3 years. 

Protective Eeaction 

The physical properties, together with the identity of host range and 
close similarity of symptoms on most of the host plants tested, indicate that 
the leaf -shriveling virus is a strain of Marmor taiaci. Further evidence on 
this point has been obtained from protective tests on Nicotiuna sylvestris 
of the type described by KunkeP in connection with studies of the aucuba 
strain of tobacco mosaic. 

The leaf-shriveling virus, like that of aucuba mosaic, produces necrotic 
primary lesions on Nicotiana sylvestris, but is not ordinarily systemic. 
However, when plants of N, sylvestris are first inoculated with the tobacco- 
mosaic virus, and inoculations are then made with the tomato virus to leaves 
that begin to show symptoms of tobacco-mosaic infection, either no primary 
lesions are produced by the tomato virus, or such lesions as do occur are few 
in number and are apparently confined to areas of the leaf where the tobacco 
virus has not become fully systemic. Such protective action of the tobacco- 
mosaic virus further indicates that the leaf -shriveling virus is a related 
strain. 

iKunkel, L. 0. Studies ou acquired immunity with tobacco and aucuba mosaics. 
Phytopath. 24: 437-456. 1934. 
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"Wlieix tomato plants have been infected with tbe tobacco-mosaic virus 
for 30 days or more before inoculation witli tbe tomato virus, there fre- 
quently is no later development of necrotic lesions or, at most, only a slight 
evidence of yellowing or necrosis. In tomatoes the degree of dominance of 
the green mottle of tobacco mosaic depends on the length of time the plants 
have been infected with this virus before subsequent inoculation with the 
leaf -shriveling virus. When tomato plants are inoculated with the latter 
virus within 15 days of the time the first symptoms of tobacco mosaic appear, 
they later develop a considerable amount of leaf necrosis. Plants first in- 
fected with the tomato virus, and then inoculated with the tobacco-mosaic 
virus after necrotic symptoms have appeared, show little reduction in the 
necrotic symptoms during later growth. 

When tobacco plants are inoculated first with the tomato virus and later 
with tobacco mosaic (or vice versa) the symptoms remain those of tobacco 
mosaic. In all such plants the tomato virus persists in a fairly high con- 
centration and produces abundant lesions in Nicotiana sylvestris. This also 
is true in all tomato plants, regardless of the degree of suppression of the 
necrotic symptoms by the tobacco-mosaic virus. 

Serological Eelationship 

Additional evidence regarding this relationship to tobacco mosaic has 
been supplied by serological tests made through the kindness of P. 0. Holmes 
and L. M. Black of the Department of Animal and Plant Pathology of the 
Rockefeller Institute for Medical Research. These tests have indicated that 
the tomato virus is serologically related to that of typical tobacco mosaic, 
since juices of tobacco plants infected with the tomato virus gave a charac- 
teristic precipitate when mixed with anti-serum of the tobacco virus. These 
tests have not necessarily eliminated the possibility that the plants carried 
tobacco mosaic plus another virus, but this seems unlikely in view of studies 
made with regard to such a possibility. 

During the fall of 1940, some tomato plants inoculated with tomato virus 
developed numerous, small, circular spots on the inoculated leaves and on 
those directly above them. These spots were sharply defined and enlarged 
more slowly than did the diffuse, yellow areas characteristic of the virus. 
This suggested that we might be dealing with a combination of the ordinary 
green tobacco mosaic and a peculiar yellow strain. To test this, 52 inocula- 
tions were made to turkish tobacco, and 60 to Globe tomato, with fragments 
of tissue cut from the yellow spots. All of the inoculated tobacco . plants 
showed the typical mottle of ordinary green mosaic. All of the tomatoes 
developed typical leaf necrosis, but only 6 showed the peculiar yellow spots. 
Twenty inoculations from green tissue of the same leaflets from which yellow 
tissue was taken all produced typical necrotic symptoms in tomato with two 
of the plants showing spotting. The same number of inoculations on tobacco 
produced only typical green mottling. 

Another set of inoculations to tomato with necrotic tissue from lesions on 
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leaves of Nicotima sylvestris inoenlated from a yellow-spotted leaf, produced 
typical necrosis in all of the 36 plants inoculated, but no spotting occurred. 
Twenty-eight tobacco plants, similarly inoculated, showed typical green 
mosaic. 

Further subinoeulations from yellow spots on the leaves of the tomato 
plants inoculated with spot tissue failed to reproduce the spotting, and 
several later subinoeulations from these plants never again produced spot- 
ting. Subinoculations to tomato from 34 of the tobacco plants inoculated 
with tissue from yellow spots also produced typical leaf necrosis, but none 
of the peculiar yellow spots. 

These results, together with other data and observations on the variation 
in symptoms produced by this virus strain, have led us to believe that the 
peculiar spotting resulted from environmental factors rather than from a 
yellow-spotting strain mixed with a green type. Had the yellow spots been 
the localized expression of a yellow virus, occurring in comparatively pure 
form, one would have expected that inoculations from this tissue would 
result in a decidedly more yellow type of symptom on tobacco and tomato. 
Further, the fact that no yellow mottle or flecking has ever been noted with 
this virus on tobacco supports the belief that the disease on tomatoes is 
caused by a single virus. 

In view of all the evidence on the strain relationship between the leaf- 
shriveling virus of tomato and typical tobacco-mosaic virus, it appears that 
we are dealing with a strain of the latter virus whose severe effect on tomato 
foliage is its most distinctive character. Under the classification of Holmes^ 
it is proposed that this virus be known as Marmor i abaci v. siccwns var. nov. 

Sources of Primary Infection 

The question of the sources of primary infection has presented a peculiar 
problem in the case of the leaf-shriveling virus because of its sporadic 
appearance in a single greenhouse at times when no infection was known 
to exist on plants in other houses nor, as far as could be determined, out- 
of-doors. 

The greenhouse in which the disease has appeared is used for tomato 
breeding and two crops are grown each season. The soil is usually sterilized 
with steam before each planting and it does not seem likely that the infection 
is attributable to the presence of the virus in plant debris in the soil. This 
is confirmed by the fact that when one crop has been severely damaged, tlie 
succeeding crop* frequently has shown no evidence of the leaf -shriveling 
virus. 

The disease has been observed only once in the field and then was 
found on only a few plants that apparently had been infected while growing 
as seedlings in the greenhouse. No wild hosts have ever been noted near the 
greenhouses, the location of which precludes any common occurrence of such 

2 Holmes, P. 0. Handbook of phytopathogenie viruses. Burgess Publ. Co. (Min- 
neapolis). 1939. 
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weeds. The lack of general field infection also indicates that wild hosts are 
not prevalent. Furthermore, the disease has appeared in mid-winter in a 
year when it has not been found on the fall crop. The presence of the 
disease on inoculated plants might account for its appearance elsewhere in 
the greenhouse range, but the disease often has occurred when no inoculated 
material was present. Also, those working in the houses where the breeding 
crop is grown have had little or no contact with tomatoes in other houses, 
and care has been taken that they wash their hands before handling the 
plants. 

In several instances, the first infection from the leaf -shriveling virus has 
occurred on small plants within two weeks after they have been transplanted 
to the ground-beds. In these instances, no evidence of ordinary tobacco 
mosaic infection has occurred until considerably later, and an examination 
of the seedlings remaining after transplanting has shown no other evidence 
of virus infection, even when they have been held for some time. The 
appearance of the disease on small plants does not necessarily indicate that 
the virus is carried in the seed, but it often has been found that the infected 
plants were grown from seed of plants also affected with the leaf -shriveling 
virus, and this, together with the peculiarly sporadic occurrence of the dis- 
ease on the small plants, has seemed to warrant a study of the seed as a source 
of primary infection. 

Inoculations on turkish tobacco and Nicotiana glutinosa with sterile- 
water extracts obtained by soaking samples of tomato seed from which the 
infected plants were grown, as well as other lots of seed from plants known 
to be infected, have always shown a high virus concentration on the coats 
of seed from 1 to 4 years old. This is in line with results reported by the 
writers^ in trials made with seed from plants infected with ordinary tobacco 
mosaic. 

Planting trials have been made with seeds of various ages known to carry 
the leaf -shriveling virus on their surface. In most instances these trials 
were conducted in greenhouses well isolated from other tomato plantings. 
The plants were grown in sterilized soil, either in flats, or more commonly, 
in pots. The flats and pots also were sterilized before use. 

In these planting experiments, the only evidence of seed transmission 
has occurred with seed planted within ten days after extraction. In one 
experiment (1938), 183 seedlings were grown from seed from infected tomato 
plants. Five of these seedlings showed mosaic symptoms in the first true 
leaves, and developed the necrosis typical of the leaf-shriveling virus. Two 
of 246 seedlings grown from the same seed, after 10 days’ drying, also were 
similarly infected. Three of the 123 control plants showed eases of ordinary 
mosaic, all of which occurred some time after that on the seedlings from 
infected seed, and were not accompanied by necrotic symptoms. "While this 
series was felt to be indicative of virus transmission in freshly extracted 

3 Doolittle, S. P., and P. S. Beecher. Seed transmission of tomato mosaic following 
the planting of freshly extracted seed. Phytopath. 27: 800-801. 1937. 
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seed, it was not considered conclusive, since the plants were not completely 
isolated from other tomato plantings. 

In a later experiment (1940) tests were made in which freshly extracted 
seeds were grown in an isolated greenhouse at a time when there were few 
tomato plants in any of the houses. The seeds were planted singly in pots of 
sterilized soil. The planting was so arranged that pots with seed from virus- 
free plants were alternated in a checkerboard arrangement with those con- 
taining seed from infected fruits. The seedlings were not touched after 
they appeared, except that those showing virus infection were carefully 
removed as soon as they were noted. 

In two such series a total of 5 out of 342 seedlings from seed of infected 
fruit developed symptoms in the first leaf, and later showed a typical 
necrosis. All of these seedlings were much stunted, and the necrotic symp- 
toms developed much more slowly than in older plants inoculated mechani- 
cally. 

Later trials were made with the remainder of the same seed after it had 
been dried for 8 days (49 plants), 20 days (51 plants) and 35 days (117 
plants). The arrangement and location of the experiments were the same 
as in the previous trials. In these experiments all of the plants, including 
196 controls, remained healthy. 

In tests with 1,422 tomato plants grown from seed taken from infected 
fruits and aged for 30 days to 3 years, only one plant has shown evidence 
of the disease. This single infection was an apparent contamination, since 
it did not occur until after the plants had grown for over 30 days. All of 
the 617 controls, grown from seed of mosaic-free plants, remained healthy. 
Observations of over 3,000 seedlings, grown from seed of infected plants in 
the course of other experimental work, have indicated that, as with the 
ordinary tobacco-mosaic virus, aged seed is rarely if ever a source of primary 
infection. 

These results are like those reported by the writers^ in the case of the 
virus of ordinary tobacco mosaic. While this occurrence of the leaf -shrivel- 
ing disease on seedlings grown from freshly extracted tomato seed is of 
interest, the results do not account for the greenhouse infections, since in 
those instances the tomato plants were grown from seed stored for 60 days 
to 1 year or more. 

There is, perhaps, a possibility that the necrotic virus may oceasionally 
occur in manufactured tobacco, since its effect on the tobacco plant is no 
more severe than that of ordinary mosaic, and would not prevent the use 
of the leaves for commercial purposes. This is possible, but, if so, the virus 
should be fairly common on tobacco, and, under such circumstances, one 
would expect it to occur more frequently on tomatoes in the field. At 
present it is difficult to account for its appearance in the greenhouse under 
the circumstances in which it has occurred. 


4 See footnote 3, 
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SUMMARY 

Tomatoes in experimental greenhouses in the vicinity of "Washington, 
D. C., at times have been affected by a virus causing a reddish-brown necrosis 
of the leaflets followed by a gradual shriveling of the older foliage. There 
are no symptoms on the stems or fruit. 

As far as determined, the physical properties and host range of this 
virus are the same as those of ordinary tobacco mosaic, and the symptoms 
are the same on tobacco and on nearly all other hosts tested. Serological 
tests indicate a relationship between the two viruses. 

On Nicotiana sylvestrisj where the tomato virus produces lesions like 
those of aucuba mosaic, the previous infection of the plants by the tobacco 
mosaic virus protects against infection by the virus from tomato. 

Since all comparative evidence indicates that the virus causing leaf- 
shriveling of tomato is a strain of the tobacco mosaic virus it has been classi- 
fied as Marmor iabaci var. siccans var. nov. 

Seed transmission has occurred in tomato seedlings grown from freshly 
extracted seed of infected fruits, but no such transmission has been noted 
when seed was dried for more than 10 days. 

The virus has appeared sporadically in the greenhouse for several years, 
but the sources of primary infection remain in doubt. 

U. S. Bureau op Plant Industry Station, 

Beltsville, Md, 
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INTRODUCTION 

Cantaloupe powdery mildew {Erysiphe cichoracearimi DC,) first as- 
sumed epiphytotic proportions in the Imperial Valley, California, in 1925 
and 1926 (1, 4). As a result of investigations by the IT. S. Department of 
Agriculture and the California Agricultural Experiment Station, a variety 
was developed by 1936 that seemed highly resistant to the parasite. This 
variety, Powdery Mildew Resistant Cantaloupe No. 45, proved very satisfac- 
tory from the standpoint of both the grower-shipper and the consumer (2). 
With the advent of No, 45 into general usage the disease problem seemed to 
have been solved, at least temporarily. In 1938, however, a new race of 
E. cichoracearum appeared to which No, 45 and all other commercial varie- 
ties of cantaloupe were extremely suspectible (3). Since then several sup- 
posedly tolerant melon selections have become available to growers, but it 
is not known how these strains will behave under very severe disease con- 
ditions. 

Preliminary work has indicated that in our melon^ seed stocks there are 
some strains highly resistant to both races of the pathogen, but the genes for 
resistance are scattered through a wide range of material. Furthermore, 
the material was heterozygous for resistance factors and the melons were 
not commercially acceptable. It is, therefore, necessary to collect the genes 
concerned in producing immunity and combine them with factors responsible 
for desirable commercial qualities in the vines and fruit. 

Before satisfactory progress in developing an acceptable, resistant canta- 
loupe variety or, even before the so-called tolerant strains can be adequately 
cheeked for ability to withstand the ravages of mildew^, a rapid and precdse 
method of gauging individual plant resistance must be devised. If such a 
technique were available for greenhouse use, resistance could be determined 
and susceptible lots eliminated before planting in the field. Further, resis- 
tant plants in a segregating population could be detected and set out in the 
field for observation and use in the breeding program. Such a procedure 
would not only dispense with land used and time consumed in growing 
worthless susceptible plants but also would enhance the possibility of secur- 
ing immune plants with good fruit quality. 

• Therefore, it has been the purpose of the present investigation (1), to 
devise a greenhouse method of testing for mildew resistance that would be 
more rapid and reliable than natural field infection and, with this technique 
(2), ascertain the range of resistance in the breeding material at hand, 

1 Terminology used by Wiant (10) is followed in this paper. 
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and (3), determine the mildew tolerance of varieties iiow^ available to com- 
mercial growers. 

MATERIALS AND METHODS 

111 the greenhouse, plants were inoculated with a culture of race 2 of 
Erysiphe cichoraceanim, described elsewhere (5), when the first true leaves 
had appeared. The inoculation technique and equipment used in other 
research (5) were employed. Disease notes were taken 16 days after inocu- 
lation. After the reaction of each plant had been noted, desirable indi- 
viduals were transplanted to field plots at Torrey Pines, and Brawley, 
Galifornia, to determine their resistance under field conditions. Disease 
notes in field plantings were taken at about the time the first melons were 
ready for harvest. 

Supposedly tolerant^ strains were cheeked for resistance in the green- 
house and seed of the same lots planted in randomized and replicated field 
plots near Brawley in 1941. Plantings of 18 cantaloupe strains with 18 
plants per strain in each of 3 blocks were made at 3 different dates. An 
analysis of variance (7) was made on these data. 

EXPERIMENTAL RESULTS 

Greenhouse Symptoms® 

It is necessary to understand the manner in which plants, differing in 
ability to withstand mildew attack, respond to artificial inoculation with the 
fungus before the reaction of various melon strains can be adequately studied 
and before an arbitrary mildew-resistance rating can be devised. For these 
reasons a detailed description of powdery-mildew symptoms is given below : 

Leaves. Macroscopically visible mycelium appeared on susceptible 
plants 4 to 6 days after inoculation and 7 to 10 days later mycelium covered 
the leaf. In the different cantaloupe strains the incubation period, mycelial 
development, and degree of sporulation varied, dependyg upon plant resis- 
tance (Pig. 1). Of these factors the incubation period seemed to be in- 
fluenced least by the different host strains. The more resistant the plant, 
the longer the leaf remained green and vegetative. 

Another type of reaction, which also seemed to be related to the resistance 
of the various melon strains, was a range of necrotic or chlorotic spotting, 
generally with mycelial development suppressed or absent (Pig. 1, C). 
Badly necrotic areas eventually became dry and brittle. When a great 
number of conidia were concentrated in a small area of a fully expanded 
resistant leaf during the inoculation procedure, severe necrosis often re- 
sulted in this spot. 

Cotyledons. The symptoms on the cotyledons were similar to those on 
leaves, but in only a few plants of some strains did these structures remain 
entirely mildew-free. In general, they seemed more susceptible than leaves. 

2 Through-Out this paper the expressions ^ ^tolerant, ^ ^ ^ ^ susceptible, ^ ^ ^ ^resistant , ^ ’ and 
the like refer to host reaction to race 2 of the powdery mildew unless otherwise stated. 

3 A preliminary report of these symptoms has already been made (6) . 




Pryor AND "Whitaker: Reaction to Powdery Mildew 


Maeroseopically visible myeelmm appeared on cotyledons of susceptible 
plants 1 to 2 days earlier than on the leaves. Since they were exposed before 
the first true leaf unfolded, this earlier appearance of mildew may have 
resulted from inoculum from nearby infected plants. The rate of senes- 


Eig. 1. Powdery mildew on cantaloupes differing in resistance. A. HigWy resistant 
leaf compared with a susceptible leaf. B. Leaves upon which mycelial development and 
sporulation is suppressed. 0. Leaf necrosis and stem cracking. 

cence increased with the severity of infection; in many cases death resulting 
from senescence was difficult to distinguish from that caused by the fungus. 
Stems. Visible mycelium usually appeared somewhat later on the stems 
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of susceptible plants than on the leaves. This may not have been attribu- 
table solely to a longer incubation period, but, rather, to a less severe or 
delayed inoculation. The stems being vertical and shaded by the leaves 
would have had less surface exposed to air-borne falling spores. The degree 
of stem reaction was related in general to the extent of mycelial development 
on the leaves, except for plants of some strains in which the leaves became 
infected, while the stems remained free, and certain others in which the 
leaves were free, while the stems were mildew^ed. In a few cases the organ- 
ism spread from the basal portion of heavily attacked cotyledons so that it 
entirely encircled the stem, but the fungus did not develop further from this 
point. No symptom exactly similar to leaf necrosis was observed on the 
stems, but a type of longitudinal cracking was noticed occasionally (Pig. 1, 
C) . Frequently, stem necrosis appeared at the soil line. Since many spores 
were washed from the leaves and cotyledons to the soil during the watering, 
corrosion at this point may have resulted in some cases from repeated inocu- 
lation on resistant stems. 

Bating the Amount of Mildew, For convenience in taking notes and 
recording results symptoms have been designated as follows : 

Type 0 — No mycelium evident to tlie naked eye. 

Type 1 — Only 1 to 3 small colonies developed. Tliese rarely enlarged to more than 
2 or 3 mm. diameter,* seldom sporulated abundantly. In a few cases it was noticed that 
on plants with this grade of resistance, mycelial colonies had elongated over midrib or 
main veins, or sometimes concentrated at base of midrib where it joins the petiole — very 
slight infection. 

Type 2 — Little mycelium developed and few conidia formed. Colonies few, 1 to 4 mm. 
in diameter j confined to no particular area or there was rather general development of 
very diffuse mycelium giving faint grayish tinge to infected areas — slight infection. 

Type 3 — Mycelium sparsely covered part or all of the leaf. Sporulation somewhat 
suppressed — ^medium infection. 

Type 4 — The mycelium entirely covered the leaf. Sporulation abundant — severe 
infection. 

Type A — ^TJsed in connection with the other reaction types to indicate stem cracking 
and necrotic or chlorotic spotting on leaves and cotyledons. No attempt made to evaluate 
degree of necrosis, since in most strains the symptom was mild. 

FIELD REACTION 

For comparison with strains tolerant to race 2, No. 45 and a highly 
resistant inbred were employed. Most of these strains had been mass-in- 
creased in isolated plots and, consequently, were more or less heterozygous 
for fruit and vine characteristic and for mildew resistance. The relative 
reactions of these 18 strains are shown in table 1. A partial description of 
these strain is as follows : 

I. — ^No. 45, susceptible to powdery mildew race 2. 

2 to 8. — Selections from No. 45, thought to possess some mildew resistance. 

9. — An Fr; selection from a cross of No. 45 with a cantaloupe of unknown origin. In 
the greenhouse this strain has always been free of macro scopically visible mycelium but 
responds to artificial inoculation with the production of necrotic spots. Although the 
fruit is not desirable commercially, it is used here as a standard for high resistance. 

10. - — ^Powdery Mildew Resistant No. 8. This strain was thought to possess some 
mildew tolerance ; in certain crosses seems to have contributed factors for resistance. 

II. — An F4 selection from a cross between No. 45 and No. 8. 
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12 to 15. — Selections from commercial D-2. This type (I>-2)j apparently the result 
of a chance cross between No. 45 and No. 8. 

16. — ^An Ps selection from a cross between No. 45 and D-2. 

17 and 18. — Selections from Hale’s Best, a commercial variety, susceptible to both 
races of pathogen. 


TABLE 1. — Mildew reaction of some cantaloupe strains in field plots at Brawley^ 
where they were exposed only to natural infection 


Melou strain^ 

Average divsease index^> 

First 

planting 

Second 

planting 

Tbirdc 

planting 

1 

3.778 

4.000c 

4.000 

2 

2.167 

2.463 

4.000 

3 

2.759 

3.463 

4.000 

4 

2.037 

3.037 

4.000 

5 

3.519 

1 3.611 

4.000 

6 

3.278 

3.463 

4.000 

7 

2.889 

3.815 

4.000 

8 

3.463 

3.352 

4.000 

9 

0.000c 

0.000c 

0.000 

10 

3.593 

3.352 

4.000 

11 

3.685 

3.741 

4.000 

12 

2.389 

2.444 

4.000 

13 

2.981 

3.241 1 

4.000 

14 

2.926 ! 

3.241 

4.000 

15 

2.833 ' 

3.074 

4.000 

16 

3.481 

3.704 

4.000 

17 

3.352 

3.667 

4.000 

18 

1.593 

2.926 

4.000 

Least signif. mean 




diff. at 5% level 

0,771 

0.777 


Date of planting ......... 

12/4/40 

12/23/40 

1/27/41 

Date of notes 

5/8/41 

5/21/41 

6/11/41 


a All strains except No. 9 rated 4.0 in the greenhouse test. 

b Based upon amount of mycelium and degree of sporulation: 0 — no mycelium ; li- 
very slight amount of mycelium ; 2— slight mycelium, sporulation sui3pressed ; 3 — medium 
mycelium, sporulation suppressed somewhat; 4 — abundant mycelium, sporulation vigorous. 

cjSTot included in the statistical analysis. 

Usually, early melons are more severely attacked by powdery mildew 
tlian are those of other plantings. The early-eantalonpe region is largely 
confined to the western part of the Imperial Valley, where the frost hazard 
is least and the soil is fairly light. This area also produces much early 
squash upon which some mildew can almost alwa^^s be found throughout the 
winter months. The more severe infection of these early melon plantings 
may perhaps be attributed to the more or less constant presence of inoculum 
and to environment favorable for development of the parasitic complex. It 
will be noticed that the early plantings at Brawley (Table 1) had consider- 
ably less mildew, the difference between plantings being statistically signifi- 
cant. Since these plots were about 6 miles from early melons or squash, 
scarcity of inoculum may account in part for the lower disease incidence. 
There were significant differences between blocks in the second planting but 
they could not be accounted for on the basis of present knowledge. 

In the first planting, 9 of the melon strains selected for powdery mildew 
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tolerance (disregarding number 9) were significantly less susceptible than 
number 1, but none of them approached the high resistance found in num- 
ber 9. Except for numbers 8, 9, and 10, the second planting wms more 
severely attacked than the first. In this planting only 5 of the tolerant lines 
appeared to be significantly more resistant than number 1. In the last 
planting, all of the strains, except the highly resistant number 9 were very 
heavily infected. 

Comparison of Greenhouse Inoculation and Natural Field Infection 

All of the melon strains included in the field plantings (Table 1) have 
been repeatedly tested in the greenhouse, where all, except number 9, have 
developed a 4 reaction on the leaves, stems, and cotyledons within 16 days 
after inoculation. Prom these data it appears that certain mildew-tolerant 
strains may be comparatively disease-free when the inoculum is scant or 
environmental factors are unfavorable for the disease, but under epiphytotic 
conditions they are no better than commercial No. 45. Greenhouse tests 
lend support to this supposition. 

A great many other strains were subjected to greenhouse inoculation. 
From these, promising individual plants w^ere selected and transplanted to 
field plots at Torrey Pines or at Brawley, where observations of field resis- 
tance were made. Records for a representative number of these selected 
plants in the 1940 and 1941 plantings are shown in table 2. A large major- 
ity were completely free of mildew at the time the first melons were picked. 

In a few eases leaves or stems of some plants appeared to be more severely 
infected in the field than in the greenhouse, indicating that the greenhouse 
method was not always so effective in producing severe disease symptoms as 


TABLE 3. — Powdery mildew reaction of individual cantaloupe plants that appeared 
to he more resistant in the greenhouse than in the field 


Plant 

number 

Greenhouse reactiona 

Field reaction 

Leaves 

Cotyledons 

Stems 

Leaves 

Stems 

8-2M-2 

OA 

4A 

0 

2 

2 

16046-1 

OA 

4 

3 

2 

0 

16111-1 

0 

3 

OA 

3 

3 

16111-2 

0 

4 

OA 

3 

■ 3' 

16111-3 

0 

4 

OA 

2 

2 

29082-3 

1 

4 

2 

4 

3 

29442-10 

2 

2 

2 

4 

4 

29442-12 

3 

4 

4 

4 

■'3 

29442-13 

OA 

0 

0 

■2 ' ■ 1 

3 

29443-3 

2A 

4 

3 

4 

4 

29443-5 

4 

4 

3 

4 

4 

29443-6 

3 

3A 

0 

4 

„ 4 

29443-14 

3 

3 

4 

3 

3 

29443-16 

2A 

3A 

4 

3 

3 


a Disease index based on amount of mycelium, degree of sporulation and presence or 
absence of necrosis or chlorosis: 0 — ^no mycelium,* 1— -very slight amount of mycelium; 
2 — slight mycelium, sporulation usually suppressed; 3— medium mycelium, sporulation 
usually somewhat suppressed; 4- — ^abundant mycelium, sporulation vigorous; A — presence 
of necrosis or chlorosis. 
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were natural field conditions. Of particular interest in this connection are 
plants that had a 0 reaction on leaves or stems in the greenhouse, yet showed 
some mildew in the field, since these individuals probably would be consid- 
ered desirable as resistant parents. Table 3 shows the powdery mildew 
reaction of the individual plants whose leaves or stems appeared more resis- 
tant in the greenhouse than in the field. In the greenhouse all of these 
plants manifested symptoms of mildew either on the leaves or the stems, 
although not necessarily on both organs of the same plant. For example, 
plant 16111-1 showed a 0 reaction on the leaves, but a OA reaction on the 
stems in the greenhouse, indicating a slight degree of infection ; whereas the 
field reaction was 3 for both leaves and stems. However, at no time during 
the two years this problem has been under investigation has a plant with a 0 
reaction on both leaves and stems in the greenhouse developed any mildew 
in the field. In only a few cases have plants, free of macroscopically visible 
mycelium on leaves or stems, but showing some necrosis or chlorosis, had 
mildew when transplanted to field plots. On the other hand, quite a few 
plants rated 1, 2, or 3 in the greenhouse have become more severely attacked 
in the field. 

From the above data it is evident that (1) there exists in our breeding 
stock strains that are highly resistant to powdery mildew, both in the green- 
house and in the field ; (2) the greenhouse technique may be used effectively 
in selecting very highly resistant plants; (3) it is not so reliable in evaluat- 
ing different degrees of field tolerance ; (4) the reaction of both leaves and 
stems must be considered in making selections. 

DISCUSSION 

Eepeated tests have illustrated that a uniform and severe disease infec- 
tion always may be obtained in the greenhouse, whereas, in the field, host 
reaction to mildew is not the same throughout the year. Summer and fall 
plantings in the Imperial Valley often are made to increase seed of desirable 
lines. Observations over several years have shown that these plantings 
almost always remain mildew-free. Environmental factors may account for 
this lack of infection. Yarwood (11) suggested that high temperatures, 
combined with low humidity, may be injurious to the powdery mildews. 
His studies were made in part on Erysiphe cichoraceanm from sunflower, 
and may not be exactly comparable to the biologic race on cantaloupe. How- 
ever, the field observations mentioned above indicate that the cantaloupe 
race of the pathogen may be sensitive to high temperature and low humidity, 
which, if true, would reduce inoculum during the summer. Light intensity 
and plant resistance at different ages also should not be excluded from con- 
sideration as factors possibly influencing the amount of mildew. 

In the early plantings, where mildew is often severe, environment may 
possibly tend to reduce the resistance of lines that at other times of the year 
are comparatively disease-free. Although the effect is reversed, a situation 
perhaps comparable is found in the ‘‘type B’’ resistance of cabbage to yel- 
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lows (8, 9) ; there, high temperature brings about disease development in 
certain varieties that, during cool weather, seldom show severe yellows 
symptoms. 

Plants with some necrosis or a small amount of mycelium on leaves or 
stems under greenhouse conditions cannot always be relied upon to be highly 
resistant in the field. However, many strains, having leaves with necrotic 
spots but no mycelium visible to the naked eye, did not become infected in 
the field plantings. From the results of this investigation it would seem 
that the greenhouse method of eliminating susceptible lines is more efficient 
and reliable than field trials performed throughout the year, provided all 
macroscopic leaf and stem symptoms be taken into account. 

SUMMARY 

Cantaloupe plants, differing in resistance to powdery mildew, were artifi- 
cially inoculated in the greenhouse with race 2 of Erysiphe oichoracearum^ 
and the range of symptoms described. Five classes of symptoms based on 
mycelial development and degree of sporulation were employed in rating 
the susceptibility of these plants, 0 to 4 indicating the range from absence 
of visible mildew growth to abundant, vigorously sporulating mycelium. 
Leaves and cotyledons of some plants also responded with the production 
of faint yellow to definitely necrotic spots, usually with mycelium restricted 
or absent. No symptoms exactly similar to leaf or cotyledon spotting ap- 
peared on stems but a longitudinal cracking was noticed occasionally. Leaf, 
cotyledon, and stem reaction differed greatly between the various melon 
strains ; and, on individual plants, these organs were seldom attacked with 
equal severity, except in the susceptible strains, where they were entirely 
covered with mildew. Other conditions being constant, the symptoms pro- 
duced on leaves, cotyledons, or stems appeared to be a function of the host 
genotype. In general, cotyledons seemed more susceptible than leaves or 
stems. 

Duplicate plantings of 18 cantaloupe strains were made in the greenhouse 
and at 3 different dates in field plots. These 18 lines comprised selections 
from Hale’s Best (susceptible to both mildew races), Powdery Mildew Ee- 
sistant Cantaloupe No. 45 (resistant to race 1 but not to race 2), a strain 
highly resistant to both races of the pathogen, and several strains thought 
to be tolerant to both mildew forms. In the greenhouse all strains, except 
the one highly resistant to both fungus races, had a 4 reaction on leaves, 
stems and cotyledons. Mildew severity increased in each successive field 
planting, all the plants in the third planting, except the highly resistant 
strain, having a 4 reaction. The majority of the tolerant strains were sig- 
nificantly better than No. 45 in the first planting, and several were superior 
in the second. 

Data from the reaction of individual plants in the greenhouse and of 
these same plants after being set out in the field showed that the greenhouse 
method is much more reliable than field trials as a tool for selecting highly 
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resistant plants, provided all macroscopic leaf and stem symptoms are taken 
into account. 

U. S. Horticultueal Field Station, 

La Jolla, California. 
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CROWN GALL ON SPECIES OP TAXACEAE, TAXODIACBAE, AND 
PINACEAE, AS DETERMINED BY ARTIFICIAL 
INOCULATIONS" 

Clayton O. Smith 
(Accepted for publication March 3, 1942) 

Kesiilts of inoculation of species of Pinaceae and Taxaceae with Phyto- 
monas hmiefaciens (Siaiith. and Townsend) Bergey et at. have been reported 
by the writer on Sequoia spp. (1), on Araucaria hidwilUi (2), Libocedriis 
decurrens (3), Taxus var. erecta (4), and on species of Ciipressaceae 

(5). Results of further studies are herein reported. 

The trees for these tests were secured from local nurseries; they were 
established in 5-gaI containers and grown in a lath house. Trees of Sequoia 
spp. also were grown in the open. 

Inoculations were made by the puncture method, with a sterilized steel 
needle and pure cultures of the crown-gall organism. Control punctures 
were made on all the different species rinder experimentation; and in all 
eases the wounds healed normally. 


TABLE 1. — Summary of inoculations with Phytomonas tumefaciens on species of 
conifers 


Species inoculated 

Number of 
inoculations 

Number of 
galls 

Diameter 

range 

(mm.) 

Taxaceae 

Cephalotaxus fortunei 

75 

0 


Podocarpus elongata 

145 

3 

15-22 

Podocarpus macrophylla 

15 

0 


Taxus taccata var. erecta 

80 

50 

10-20 

Taxus lor evifolia 

15 

4 

5-15 

Taxus cuspidata 

65 

0 


Taxus media 

45 

4 

2- 4 

Torreya calif ornica 

15 

7 

10-30 

Taxodiaceae 

Cryptomeria japonica 

60 ! 

0 i 


Gryptomeria japonica var. elegans 

70 

0 


Cunninghamia lancedlata 

40 

9 

6»40 

Sciadopitys verticillata 

65 

5 

2- 5 

Sequoia gig ant ea 

35 

6 

15-25 

Sequoia sempervirens 

60 

4 

2-60'' ■ 

Taxodium distichum 

50 

0 


Taxodium mucronatum 

220 

0 


Pinaceae 

Abies cephalonica 

66 

2 

5-10 

Abies concolor 

37 

5 

5-20 

Abies flrma 

81 

1 

10 

Abies holophylla 

21 

2 

5-25. 

Abies nephrolepis 

15 

0 



iPaper No. 462, University of California Citrus Experiment Station, Eiverside, 
California. 
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Pig. 1. Artificial galls produced on species of Taxaceae by inoculation with Phyto- 
monas tumefaciens isolated from Salix sp. for all galls except those on Taxus haccata var. 
erecta, for which cultures were isolated from Prunus persica. A to C. Galls on Torreya 
calif ornica: A, 15 months after inoculation; B, after 22 months; 0; after 29 months. 
B. Gails on Taxus 'haccata var. erecta, after 60 months (galls long inactive). H and P. 
Galls on Podocarpus elongata: E, 11 months after inoculation, showing smooth, spherical 
form of early stages; P, after 40 months, showing irregular form and small roundish 
projections of later development. G and H. Galls on Taxus hrevifolia: G, 30 months 
after inoculation; H, after 45 months; note increase in size of certain galls but slight 
change or no change in others. 
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INOCULATION OP SPECIES OP TAXACBAE 

Species of Taxaceae tested for crown gall by artificial inoculations were 
as follows: Gephalotaxus fortunei Hook., Podocarpus elongata L’Hei\, P. 
mocrophylla Don, Taxus taccata var. erecta Loud., P. Iremfolia Nutt., T. 
cuspidata Sieb. and Zncc., T, media Kehd., and Torreya calif ornica Torr. 
The small trees of these species were inoculated at frequent intervals during 
the year. The cultures used on Taxus laccata var. erecta were from Prumis 
persica L. All other cultures were from Salix sp. Eesults of the inocula- 
tions are summarized in table 1. 

In these tests, the artificially induced galls (Pig. 1) were not always 
entirely typical of crown gall as it appears on other hosts. Inoculation of 
Podocarpus elongata caused typical spherical overgrowths in the early stages 
of development (Fig. 1, B) ; but in later stages these growths became more 
irregular in form, and small roundish projections developed (Pig. 1, P). 
The results presented in table 1 suggest that P. elongata is strongly 
resistant. 

Torreya calif ornica was readily infected. The galls (Pig. 1, A to 0) 
were slow in appearing, but, once started, their development was continuous 
and fairly rapid. In their early stages, some of the overgrowths were 
smooth (Pig. 1, B) and some were rough (Pig. 1, A). In later stages, how- 
ever, galls on this host generally became rough, much like the overgrowth 
shown in figure 1, C. 

The galls on Taxus brevifolia (Pig. 1, G and H) and on T. baccata var, 
erecta (Pig. 1, D) grew slowly, but were more typical of crown galls than 
those on Podocarpus. Some of the galls on T. brevifolia are still growing ; 
others are inactive and have made but slight growth in the 2 years since 
inoculation. This host has, itself, made but slight growth during this time. 
Galls on T. baccata reached their maximum size, and have long been desic- 
cated and dead. 

The results of the inoculations on Taxus cuspidata were inconclusive. 
Small galls appeared on T. media, however, which is a hybrid between T. 
cuspidata and T. baccata. All the tests on Gephalotaxus forttmei were 
negative. Eesults of previous tests on this species were also reported as 
negative (4). It appears that C. fortunei may be resistant. 

INOCULATION OP SPECIES OF TAXODIACEAE 

The following species of Taxodiaceae, an important family of the coni- 
fers, were inoculated in these tests: Gryptomeria japonica Don, G. japonica 
var, Masters, Gunninghamia lanceolata Hook,, SciadopUys verticil- 

lata Sieb. and Zucc., Sequoia gigcmtea DC., S. sempervirens End!., Taxodiwm 
distichum Eich., and T. mucronatum Ten. Eesults of the inoculations are 
summarized in table 1. 

Gryptomeria japonica, (7. japonica var. elegam, Taxodium disticMm, 
and T. mucronahm did not respond to inoculation. Galls were readily pro- 
duced on Gunninghamia lanceolata (Fig. 2, D), Sequoia gigantea (Fig, 2, 
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C),S. sempervirens (Fig. 2, A and B ) , and on Sciadopitys vertmllata. The 
galls were especially well developed on Gunninghamia lanceolata, and this 
species was apparently extremely susceptible. The susceptibility of Sequoia 
spp. to crown gall was previously reported (1) and is confirmed by the 
results of inoculations in these tests. The galls on Sciadopitys were small 
but typical. This host, under conditions at Riverside, California, made slow 
growth, and the resultant galls were small knobs 2 to 3 mm. in diameter. 



Fig. 2. Artificial galls produced on species of Taxodiaceae by inoculation witli the 
crown-gall organism isolated from Salix sp. A and B. Gall on Sequoia sempervirens: A, 
24 months after inoculation ; B, after 30 months. C. Three galls on 8. gigantea, after 7 
months. D, Galls on Gunninghamia lanceolata, after 33 months. 

INOCULATION OF SPECIES OF PINACEAE 

The Pinaceae tested for crown gall by artificial inoculations included 
species of Pinus, Picea, Pseudotsuga, Cedrus, Larix, and Abies. No galls 
were obtained on the following species of Pinus: P. canariensis C. Smith, P. 
cembroides ZuQQ., P. coulteri Don, P. halepensis Mill., P. muricaia Don, 
P. pinea L., and P. sylvestris L. Kesults on Picea koyamai Shiras (SPI 
97948), P. pungens Engelm., Pseudotsiiga taxifolia Brit., Ps. macrocarpa 
Mayr., Cedrus deodara Loud., Larix decidua Mill. (L. europaea DO.), and 
on L. haempferi Sarg. (L. leptolepis Murr.) also were negative. 

Those species of Abies tested showed, with the exception of A. nepkro- 
lepis Maxim, a definite response to artificial inoculations (Pig. 3). Inocula- 
tions were necessarily made on wood several years old. The growth of these 
hosts was slow, and conditions were thus unfavorable for gall formation. 
But, though few galls were produced from a relatively large number of inoc- 
ulations, these galls were typical. Results of the tests are given in table 1. 

The gall on Abies concolor Lindl. and Gord. (Fig. 3, E) showed old tissue 
still attached but being pushed off by the formation of new gall tissue. The 
galls (Fig. 3, 0 and D) were well developed and more typical. Galls on 
A. holophylla Maxim. (Pig. 3, A and B) were globose and apparently at- 
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taclied to the host by a small area of tissue. The galls produced on A, firma 
Sieb. and Zuce. (Fig. 3, F) and on A. cephalonica Loud, were on trees that 
were kept under a moist chamber in the lathhouse during and for some time 
after inoculation. 


Eig. 3. Galls artificially induced on Abies spp. (Pinaeeae) by inoculation with the 
crown-gall organism isolated from Salix sp. A and B. Gall on Abies holophylla (SPI 
90649): A, 18 months after inoculation; B, after 52 months. C to E. Galls on A. 
eoncolor: C, 30 months after inoculation; D, after 65 months; E, after 60 months. P. 
Gall on A, firma ^ after 11 months. 

SUMMARY 

Inoculations with Phytomonas tumefaciens (Smith and Townsend) 
Bergey et al. were made on different species of conifers. Galls developed on 
the following species: (Taxaceae) Podocarptis elongata^ Tmus baccafa var. 
erecta, T. brevifolia, T. media, Torreya calif ornica; (Taxodiaeeae) Cunning- 
hamia lanceolata, Sequoia gigantea, S. sempermrens, Sciadopitifs verticil- 
lata; (Pinaeeae) Abies cephalonica, A, eoncolor, A. firma, and A. holophyUa. 
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FUSARIUM YELLOWS OP BEANS 

James B. Kendbick ahd William C. Snydek 
(Accepted for publication March 9^ 1942) 

INTRODUCTION 

In 1929, Harter^ reported a vascular fusarium disease of field beans 
(Phaseolus vulgaris L.) in the Sacramento Yalley, California, characterized 
by stunting of the plants, yellowing and dropping of the leaves, and almost 
complete vascular invasion by the fungus. The writers observed a similar 
disease in the same locality in 1929 and again in 1933. In 1934, Kendrick^ 
reported the disease as fusarium yellows of beans and showed that it was 
seed-transmitted. A general survey of thp district showed it to be confined 
to a few fields in a restricted area. These fields have been planted to other 
crops, and no additional infested areas have been observed in this district. 

The disease was not observed again until the summer of 1940, when it w’as 
found in 2 large plantings of pink beans in the upper Sacramento Valley, 
California. One field of approximately 50 acres showed an estimated dam- 
age cent, while the other showed only single isolated diseased 

plants. The severity of the disease and information secured from the grower 
indicated that it had been present in the severely diseased field for several 
years. In 1941, isolated diseased plants were observed in another field in 
this same district. 

The presence of isolated infected plants in the one field in 1940 and in 
another in 1941 indicated introduction of the disease by seed-borne fungus 
spores. A rather careful examination of these two fields failed to show other 
than single diseased plants, usually in widely separated areas. 

Repeated isolations from discolored vascular tissue of diseased plants 
consistently yielded the same fungus, which, in culture, resembled the cow- 
pea (Vigna sinensis Endl.) wilt organism, F, oxysporum f. iracheiphilum 
(E. F. S.) Sny. and Hans. 

SYMPTOMS 

The disease first shows as a slight fading from green to yellow of the 
lower leaves on one side of the plant. This change from green to yellow 
progresses rapidly from the lower leaves upward and is in most cases much 
more pronounced on one side of the plant. The bright yellow leaves later 
fall from the plant, while the normal green to pale-green ones on the opposite 
side remain attached. In the later stages of the disease many plants are 
entirely killed, while others may retain a few sickly leaves on one side of the 
plant and a weak terminal growth until maturity. 

The vascular system shows a dark-brown discoloration extending into the 
19 ^ 9 ^ Harter, L. L. A Fusarium disease of beans. (Abstract) Phytopath. 19 : 84. 

2 Kendrick, James B. Seed transmission of Fusarium yellows of beans. (Abstract) 
Phytopath. 24: 1139. 1934. 
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main stem, lateral brandies, petioles, and pecliincles. The vaseiilar brown- 
ing is typical of that occurring in the fusarium wilt of cowpeas. 

PATHOGENICITY i 

Because of the similarity of symptoms of bean yellows ami tliose of <m)w- 
pea fusarium wilt {Fiisarvum oxyspo7'iimt, t 7 ^achei})Jnluni) nHoproeal iiioeu- 
lations were conducted along with the pathogenicity tests. For these tests, 
pure cultures of the bean yellows Fusarium and that obtaim^d from (^owpea- 
wilt-infected plants w^ere grown on steam-sterilized oats, thoroughly mixial 
with steam-sterilized soil. In all trials, noninoeula ted steam-sterilized soil 
was used for controls. The soil was placed in G-inch pots ami the seetl 
planted immediately. All pots were held in a greenhouse whei*e the tern- 
peratnre was maintained at 70"^ F., or abowe. In these studies 2 species of 
beans, pink and red Mexican (Phaseolus vnUpfris)^ and Ileiulersou’s Imdi 
Lima and Wilbur Lima (PhaseoUis limensis Maef. var, //nnum/iif.s*, Bailey), 
and blackeye eowpea (Vigna sinensis) were used. 

On November 3, 1929, 8 isolates of eowpea fusarium wilt and 6 isolatt^s of 
Fusarium from bean yellows were separately inoeulated into sterilized soil. 
Of the 48 pots of eowpea- wilt-inoculated soil, 16 were planted with blai'keye 
cowpeas, 16 with pink beans, and 16 with Henderson ’s bush Lima beans. Of 
the 60 pots inoeulated with Fusarium from bean yellows, 12 wtu‘e ]>lanted 
with blackeye cowpeas, 12 with pink beans, 12 with red ]\Iexican l)eans, and 
12 with Henderson’s bush Lima beans. On January 21, 1930, final rec-oixls 
were taken on diseased and healthy plants. Plants showing no obvious Ic^af 
symptoms were pulled and examined for vascular invasion. Those plants 
showing vascular invasion and no external plant symptoms were cultured to 
determine the cause of the vascular discoloration (Table 1 ) . 


TABLE 1 . — Summary of eowpea fusarium wilt and hean yrUfurs F/(,s(n‘iam rrnss- 
inoculation trials of Id ov. 8, 19BB, to Jan. Bl, 19 SO 


Source of 

j Blackeye-eowpea 

Pink beans 

Bed ]\r(‘xican 
Ix'aiis 

i llenderaon 'm IiiihIi 
Lima bc‘a«s 

culture 

used 

Number 

Percent- 

Number 

Percent- 

Number 

Per emit" 

Xiimbtu' 

IVreruit’ 

of 

age 

of 

age 

of 

age 

of 

agt‘ 


plants 

diseased 

plants 

diseased 

plant s 

diseas(‘<l 

plants 

diseased 

Cowpea 
wilt 

193 

' '24.9 1 

225 

. 0.0 



' 184 

0 

Beau 

yellows 

211 

, 

0.0 

231 

14.2 

238 

25.8 

i 206 

0 

Control .. 

121 

0.0 

121 

0.0 

131 

0.0 

UO ’ 

0 


The above table shows that the eowpea-fusariiim- wilt fungus did not 
attack either of the bean varieties, and the Fusarium causing bean yellows 
did not attack either blackeye cowpeas or Henderson’s bush Lima beaus. 

On February 12, 1934, a similar series of greenhouse experimental plant- 
ings were made in which 3 isolates of eowpea fusarium wilt and 3 of 
Fusarium from bean yellows were used. In this series, blackeye eowpea. 
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pink beans, and Wilbnr Lima beans were used. On March 19, 1934, final 
records were taken and the summarized results are presented in table 2. 


TABLE 2 . — Summary of cowpea fusarinm wilt and hean yellows fusarium inoaula- 
tion trials of February IB to March 19, X9S4 


Source of 
fungus used 

Blackeye cowpea 

Pink beans 

Wilbur Lima beans 

Number 
of plants 

Percentage 

diseased 

Number 
of plants 

Percentage 

diseased 

Number 
of plants 

Percentage 

diseased 

Cowpea 

78 

82.0 

150 

0.0 

94 

0 

Cowpea ............ 

58 

96.5 

95 

0.0 

67 

0 

Cowpea 

54 

74.1 

91 

0.0 

77 

0 

Pink bean 

107 

0.0 

150 

78.0 

133 

0 

Pink bean 

98 

0.0 

79 

64.5 

56 

0 

Pink bean 

90 

0.0 

123 

88.5 

96 

0 

Controls 

115 

0.0 

107 

0.0 

98 

0 


Table 2 shows a much higher percentage of infection than does table 1. 
This probably was due to the higher average greenhouse temperature and 
better light conditions prevalent during these tests. It further shows that 
the bean fusarium does not attack cowpea, the cowpea fusarium does not 
attack beans, and that Lima beans resist the attack of both organisms. 

In the summer of 1929, 17 varieties of beans, 3 of Lima beans, and 3 of 
soybeans (Soja max Piper) were planted in a field plot naturally infested 
with the cowpea fusarium in Stanislaus County, California. The plants 
were observed throughout the summer for evidence of disease and no disease 
occurred. Susceptible cowpea selections planted in the same plot showed 
a high percentage of wilted plants. 

Again in 1930, 10 varieties of beans, 3 of Lima beans, and 3 of soybeans 
were included in a cowpea- wilt experimental test on heavily infested soil in 
the same county. A careful check throughout the season failed to reveal 
any evidence of wilt on the bean, Lima bean, or soybean varieties, whereas 
the susceptible cowpea varieties were 100 per cent killed by wilt. 

In 1940, a field of approximately 50 acres of pink beans showed more 
than 50 per cent severely diseased plants from fusarium yellows. This same 
field was planted to Wilbur Lima beans in 1941, and there was no evidence 
of the disease in any of the plants. 

Thus, extensive greenhouse inoculation tests, field experiments, and field 
observations show that Fusarium oxysporum f . iracheipMlum, which causes 
cowpea {Y, sinensis) wilt, does not attack soybean {S, max), contrary to 
statements found in literature,^ nor are common beans (P. vulgaris) or Lima 
beans (P. limensis var. limenanus) affected by the cowpea Fusarium. 
Furthermore, these data show that the bean yellows Fusarium, which attacks 
varieties of P. vulgaris, does not affect the varieties of cowpea, soybean, or 
Lima bean reported upon here. These facts are in line with the recognized 
tendency of the formae of F. oxysporum to be rather narrowly specialized, 

3 Cromwell, K. 0. Pusarium bliglit, or wilt disease, of the soybean. Jour. Agr. Bes. 
[U.S.] 8: 421-440. 1917. 
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usually to single genera. They show that not only are tlie vasenlar fusariiim 
wilts of F. sinensis and P. vulgaris caused by separate and distinct physio- 
logic forms of F, oxysporum, but, also, they suggest that the vascular 
fusarium disease of 8, max may be caused by still another and distinct form. 

TAXONOMY 

Single-spore cultures of the fungus recovered from tissue platings of the 
discolored vascular elements of diseased bean {Phaseolus vulgaris) plants 
proved to be moi’phologically in agreement -with Fusariinn oxys])orum H(*hl., 
as emended by Snyder and Hansen.^ 

Since a form of Fusarium oxysporum^ pathogenic on bean (P. vulgaris ) , 
has not been described hei'etofore, and, since data given herein indiijale that 
the form from bean is a specialized pathogen of this host, it is propostnl tiiat 
this pathogen be distinguished from other forms of F, oxysparum by the 
creation of a new form name as follows : 

Fusarium oxysporum f. phaseoli, n. f. A vascular parasite of Fhasealns 
vulgaris causing Fusarium yellows of beans. 

control 

Kendrick, 2 in 1934, showed that the Fusarium causing bean yellows is 
transmitted with the seed, probably by spores of the fungus adhering to the 
seed coat. He further showed that dusting the seed with 8 oz. of Semesaii 
or 4 oz. of Ceresan per 100 lb. of seed completely eliminated the disease in 
greenhouse tests. Since the causal fungus will persist in the soil for long 
periods of time, it is recommended that seed from a suspected diseased area 
be dusted with Semesan or Ceresan before being planted in a disease-free 
area. Fields infected with the bean yellows fungus can be safely planted 
to Lima beans, soybeans, or cowpeas. 

SUMMARY 

A vascular fusarium disease of field beans was first observed in the Sacra- 
mento Valley, California, in 1929 and again in 1933. Due to the absence of 
bean plantings in the infested area, the disease was not observed again until 
1940, when it was observed in another section of the valley. 

The disease is characterized by a gradual yellowing of the leaves from the 
lower leaves upward, dwarfing of the plants, and eventual dropping of the 
leaves, and death of the plant in many cases. The vascular system of the 
stem and leaf petioles shows a dark brown discoloration. 

A Fusarium-, which in culture resembled the cowpea wilt organism was 
consistently isolated from diseased bean tissue. 

Inoculation studies showed the bean Fusarium to be pathogenic to varie- 

4 Snyder, W. C., and H. N. Hansen, The species eonemt m Fusariiim. Amer Jour 
Bot. 27: 64-67. 1940. 
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ties of common beans (Phaseolus vtdgaris) but not to Lima beans (P. Umen- 
sis var. limenamcs), cowpea (Vigna sinensis), or soybeans (Soja max). 

Since field, greenhouse, and cultural studies have shown that bean yel- 
lows is caused by an apparently undescribed form of Fusarmm, it is herein 
designated as F, oxysponim f . phaseoli n. f . 

The causal Ftisarium may be transmitted with the seed, and infection 
can be controlled by seed treatment with Semesan or Oeresaii. 

Lima beans, cowpeas, and soybeans can be safely planted in bean-yellows 
inf ested soil. 

Division op Plant Pathology, 

University op California, 

Davis and Berkeley, California. 


EFFECTIVE METHODS OF INOCULATING SEED BARLEY WITH 
COVERED SMUT (USTILAGO HORDBI)^ 

V. F. Tapke and W. M. B ever 2 
(Accepted for publication March 5, 1942) 

INTRODUCTION 

Coyered smut of barley, UsUlago hordei Lagerli., causes considerable 
loss, much of which can be avoided by growing smut-resistant varitdies. 
Progress in this direction, however, has long been hampered by the difficulty 
in getting high percentages of smutted heads in susceptible varieties through 
artificial inoculation of the seed. Since Jensen’s (8) report in 1888, it lias 
been repeatedly observed that when seed from a smutted cro|) is threshed, 
stored, and then sown without treatment, high percentages of covered smut 
frequently occur. Paradoxically, however, when clean seed is artificially 
inoculated by superficially blackening it with millions of spores, only low 
percentages of smutted heads usually occur (2, 3, 15, 16). This has been 
difficult to understand in view of the belief that spores of covered smut 
remain enclosed in the smutted heads until threshing, when the smutted 
heads are disintegrated and spores come in contact with the surface of seed. 
There would seem to be little important difference between this method of 
inoculation and the artificial one of shaking or rolling seeds in smut spores. 

In an attempt to clarify this problem, the senior writer (15) studied 
inoculation as it occurs in the usual culture of barley. It 'was found that 
spores, are released from smutted heads in the field from heading to thresh- 
ing, as well as during threshing. Many spores and extensive ramifications 
of mycelium from germinated spores were found beneath the laills of 
naturally inoculated seed obtained from different parts of the United States. 
This subhnll inoculum, moreover, proved especially effective in infection. It 
also has been observed repeatedly in earlier investigations that tlie bbu*ken- 
ing of seed with smut spores is far more effective in smut production if the 
hulls are first removed (2, 4, 9, 16). It is evident, therefore, that the hulls 
interfere with infection when they come between the inoculum and car>'()psis 
of. the kernel. Manual dehnlling of the seed is too slow and tedious for 
practical use, and no satisfactory mechanical or chemical means of <le- 
hnlling has been available (9). On the basis of these facts the writers 
devised and studied several new methods of seed inoculation. Some of the 
new methods have given excellent results, year after year, under a wide 
variety of climatic conditions. As a result, the study of physiologic races 

1 Cooperative investigation of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture, the New York (Cornell) Agricultural 
Experiment Station, and the Idaho Agricultural Experiment Station. Published with 
the approval of the Director of the Idaho Agricultural Experiment Station as Besearch 
Paper No. 191. 

2 Pathologist and Associate Pathologist, Division of Cereal Crops and Diseases, 
Bureau of Plant Indnstry, U. S. Department of Agriculture. 



1016 Phytopathology [Vol. 32 

in TJsUlago hordei (13) and breeding for resistance against the races that 
have been isolated are now going forward. 

EARLIER INVESTIGATIONS 

Tapke (15) has recently reviewed the earlier studies on natural and arti- 
ficial inoculation of seed barley with covered smut. 

METHODS AND MATERIALS 

It has been shown in recent years that the baneful eifects of a poor 
method of seed inoculation may be largely or entirely offset by growing the 
plants under greenhouse conditions after emergence (14). For this reason 
the tests in the present study were conducted under field conditions. 

The new seed-inoculation methods described herein were patterned after 
Haarring^s (5) successful ^‘evacuation’’ method for inoculating oats with 
loose smut {Ustilago avenae). In this method 1 g. of spores and 250 g. of 
oats are added to 1000 cc. of a special nutrient solution. The whole is 
stirred and evacuated for 20 minutes by suction from a water Jet and the 
inoculated seed is spread to dry for 24 hours. The seed is then placed on 
moist filter paper in a chamber at 22-25° C. for 20 hours. Finally, it is 
dried and used at once, or stored for later use. By this method the smut 
spores are placed beneath the hulls close to the point of attack, as in the 
natural inoculation of seed. Haarring’s method, while readily adaptable 
to a few large batches of grain, appeared too complicated for studies of 
physiologic races of Ustilago hordei involving the inoculation of several 
thousand samples of seed. Many simplified modifications, therefore, were 
tested in extensive preliminary trials and two promising methods finally 
were chosen for further study. These are referred to herein as the “spore- 
suspension” and “vacuum” methods. In the former, described previously 
(11), machine-threshed seed is placed in vials and covered for 15 minutes 
with a spore suspension made by adding 1 g. of spore dust to 1000 cc. of 
water.^ During the first half -minute of this period the vials are vigorously 
shaken to wash spores beneath the hulls. The suspension is then decanted 
and the vials are inverted on clean pieces of blotting paper to absorb all free 
water. Next, the vials of moistened inoculated seed are packed in a tightly 
covered tin box, fioored with a moistened blotter to maintain high humidity 
and promote spore germination. After 16 to 20 hours at 20° C., the vials 
are removed from the box, the seed is transferred to small envelopes, crimped 
to remain wide-open, and left for 3 or 4 days or until the seed is thoroughly 
dry. It is then ready to sow or to store for later use. The spore-suspension 
method, as thus applied, therefore, eliminates the nutrient solution,^ the 

3 Preparation of the suspension with spores from hard, dried heads of covered smut 
may be facilitated by first cutting the smutted heads into small pieces with scissors. 
Water, sufdcient to cover the pieces is then added, and the smut is soaked until it is soft. 
The smut masses are then mashed and water is added to make up the desired amount of 
suspension. The suspension is then poured into a clean container through a double layer 
of cheesecloth to strain out iwnants of the smutted heads. 

4 Western (17) used aqueous and nutrient suspensions of oat-smut spores to inoculate 
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vacuum treatment, and the 24-hour preliminary drying period of Haarring's 
method (5). 

Procedure in the vacuum method is the same as that in the spore-suspen- 
sion method, except that after the seed is put in vials and (T)V{u*ed with the 
spore suspension, the vials are placed in a special jar and subjected to 30 
inches of vacuum for 15 minutes. The spore suspensio)) is then deeant(Ml 
and the seed is incubated for 16 to 20 hours and finally put into envelopes 
and left to dry as in the spore-suspension method. 

In the study of the spore-suspension and vacuum methods, tln^ surhu'e 
dusting method of seed inoculation also was used for com])arison. This vcuh 
applied by shaking seed and spores in a vial until the seed was tiioroughly 
blackened. The inoculated seed then was removed from the vial ami mo- 
mentarily shaken on a fine screen to remove the excess of smut spor<^s. 

The field plantings were made in 1936 and 1937 at ]\Iosc<)w, and Hand- 
point, Idaho, and Ithaca, New York, in 5-foot rows spatanl 1 foot apart. 
Each year a single lot of smut was used for all of the inoculations. It 
consisted of a physiologic race of Ustilago hordei to which the varieties used 
in the tests were susceptible. These varieties were Haiiiiclien (CM. 531). 
Odessa (OJ. 934), and Trebi (G.I. 936). 

RESULTS 

In the first test, conducted in 1936, all of the seed, previous to inoculation, 
was treated with formaldehyde solution (1 to 320) for 1 hour. The treated 
seed was then immediately rinsed in running water for one-half hour and 
spread out in a thin layer to dry until restored to its original pre-treatment 



Fig. 1. Trebi barley showing (left) an untreated kernel wUtb bulls intact and 
(right) four kernels with hulls loosened and split as a result of treatment with 
formaldehyde solution for 1 hour followed by washing in water and drying. 

weight. In studies of physiologic races of Ustilago hordei such treatment of 
the differential seed lots is necessary or desirable to insure against possible 
foreign inoculum. As a result of treatment and drying, the hulls frequently 
split (Fig. 1) and become more or less loose around the earyopsis, due, 
probably to dissolution of the sticky substance noted by Harlan (6) that 

oats, and noted that the suspending medium had little effect on spore germination or 
promycelial growth on the oats. 
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causes the glumes to adhere to the kernels. This facilitates the lodgment of 
spores beneath the seedhulls and as noted later (Table 2) , markedly increases 
the effectiveness of inoculation. The seed was sown in duplicate sets at 
Ithaca, N. Y., and in quintuplicate sets at Moscow and at Sandpoint, Ida. 
(Table 1) . As shown in the table, the average percentages of smutted heads 


TABLE 1. — Comparative effectiveness of three methods of inoculating seed harley 
with covered smut (Vstilago hordei) at three experiment stations in 1986 





Method of inoculation 


Variety 

Location 

Seed dusted with 
dry spores 

Spore-suspension 

Spore-suspension 
under vacuum 



Total 

heads 

Smutted 

heads 

Total 

heads 

Smutted 

heads 

Total 

heads 

Smutted 

heads 

Hannchen. 

Moscow, Ida. 
Sandpoint, Ida. 

Number 

1,890 

Per cent 
14.9 

N timber 
1,626 

Per cent 
39.3 

1 Number 
1,826 

Per cent 
36.2 

( < 

448 

23.4 

633 

55.9 

454 

50.7 

( ( 

Itbaea, K. Y. 

200 

9.0 

177 

33.3 

165 

41.8 

Odessa 

Moscow, Ida 

1,346 

18.9 

1,375 

55.8 

1,440 

66.2 

( i 

Sandpoint, Ida, 

422 

36.3 

519 

70.5 

333 

74.8 

i ( 

Ithaca, N. Y. 

160 

10.6 

227 

39.2 

231 

42.9 

Trebi 

Moscow, Ida. 

971 

12.0 

956 

38.0 

869 

42.0 

i t 

Sandpoint, Ida. 

287 

15.0 

382 

50.5 

252 

67.1 

i i 

Ithaca, N. Y. 

237 

6.3 

268 

23.5 

194 

30.9 

Total or average 

5,961 

16.8 

6,163 

46.9 

5,764 

49.5 


for the 3 varieties at the 3 places were as follows : Superficial dusting method 
16.8 per cent, spore-suspension method 46.9 per cent, and vacuum method 
49.5 per cent. 

In 1937, the experiment was conducted along similar but more compre- 
hensive lines. In order to determine the role of the loosened seedhulls 
resulting from seed treatment with formaldehyde solution followed by wash- 
ing in water and drying, all 3 inoculation methods were applied to non- 
treated as well as formaldehyde-treated seed. Also, a part of each inocu- 
lated seed lot was treated with 50 per cent copper carbonate dust immediately 
before the seed was sown. 

The experiment was sown in triplicate at Moscow, Ida., and Ithaca, N. Y., 
and in duplicate at Sandpoint, Ida. The results were similar at all three 
stations and are combined in Table 2. 

The data show that the pre- treatment of seed with formaldehyde solution, 
followed by thorough washing and drying before seed inoculation, resulted 
in almost a doubling of the average percentages of smutted heads from the 3 
different methods of inoculation. It also resulted in relatively more effective 
control with copper carbonate dust. Apparently the loosening of hulls 
around the caryopsis enabled more inoculum and more copper carbonate 
to get beneath the hulls, thus increasing the effectiveness of inoculum in 
infection and of copper carbonate in control. The copper carbonate treat- 
ment also was far more effective when applied to seed inoculated by the 



)tal heads in checks, not counted. 

*. = trace, approximately 0.1 per cent smut. 
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surface dust method than when applied to seed inoculated by the spore- 
suspension and vacuum methods. In 1937, as in the previous year, the 
spore-suspension and vacuum methods were approximately equally eifective, 
and both were far superior to the surface dust method. 

During the past 7 years the senior writer has used the spore-suspension 
method in studies of physiologic races of Ustilago horde/i (13) and in further 
inquiry into the practicability of the method and its effectiveness under 
different field conditions. The experiments, conducted at Ithaca, N. Y., in- 
volved the inoculation of 2,000 or more individual lots of seed each year. 
Although the inoculated barley was subjected to extremes of drought, pre- 
cipitation, or heat during this period, the infections each year have been 
adequate for the differentiation of physiologic races. In the susceptible 
variety, Odessa (C.I. 934), the maximum of smutted heads in the 7 years 
ranged from 48 to 69 per cent with an average for all years of approximately 
59 per cent. The method also proved practicable. The fact that it is a wet 
method is a distinct advantage in that spores of the different smut collections 
under test are kept from flying about and becoming a source of contami- 
nation. The writers have not used the vacuum method in extensive tests for 
physiologic races ; but, from the experience of the present study, it would 
appear more difficult to apply. Placing in the vacuum jar the vials con- 
taining seed covered with spore suspension requires time. Also, it involves 
the hazard of contaminations through spattering of the spore suspensions 
when the vacuum is applied. In large-scale inoculations involving many in- 
dividual smut collections, the spore-suspension method, therefore, would 
seem more practicable. 

A few additional reports on the methods used herein, or somewhat similar 
methods, are available. At Sandpoint, Ida., according to Hungerford (7), 
the vacuum and spore-suspension methods of seed inoculation, respectively, 
resulted in 82 and 70 per cent of covered smut. Allison (1) and Leukel (10) 
also used vacuum methods that produced better results than did surface 
dusting of seed with dry spores. Tapke (12) obtained satisfactory results 
with the spore-suspension method in inoculating barley with the seedling- 
infecting loose smut Ustilago nigra. In winter barleys, up to 83 per cent of 
smutted heads were obtained. 

It is evident from the foregoing results that relatively simple and con- 
sistently effective methods of inoculating seed barley with covered smut are 
Anally available. Studies on physiologic races of Ustilago hordei and 
breeding for resistance in barley are now going forward. 

SUMMARY 

Two methods of inoculating seed barley with covered smut, the spore- 
suspension and vacuum methods, were devised and tested under field con- 
ditions at Moscow and Sandpoint, Ida., and Ithaca, N. Y. Both proved far 
more effective in smut production than the well-known method of inoculating 
seed by coating the surface with spores. 
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The spore-suspension and vacnum methods involve three essential fea- 
tures : (1) The seed is first treated for an hour with formaldehyde solution, 
then washed in water, and dried. This treatment eliminates superficdally 
borne foreign inoculum, loosens the hulls around the earyo]isis, and materi- 
ally increases the effectiveness of inoculation ; (2) the s(‘ed is covered with 
spores ill suspeiivsion. Spores are thus carried beneath the hulls and (*ome 
to lie close to the point of attack as in the effective natural iiuxudation ; (>l) 
inoculated seed is stored 16 to 20 hours while moist. This promotes spot’e 
germination and spread of inoculum before the seed is dried and sown. 

The vacuum method has been slightly superior to the spore-suspension 
method in smut production but with large scale inoculations, particularly 
in studies of physiologic races, the latter method appears to be easier and 
safer to apply. 
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CONTEOL OP THE COMMON MOSAIC DISEASE OF TOBACCO 

BY BREEDING^ 

W. 33. Valleau 
(Accepted for publication Mareli 11, 1942) 

Fifteen years ago it was found that the common mosaic of tobacco could 
be controlled successfully by insisting that the hands of the workers who 
chewed or smoked barn-cured tobacco be freed from mosaic virus before 
weeding and pulling plants,^ but, because of difficulties where hired help is 
used, growers are not always successful. It is, therefore, highly desirable 
that resistant varieties of tobacco, equal in other respects to those commonly 
grown, be produced. With this object in mind, the writer has conducted 
breeding studies on Burley and dark tobacco in an attempt to produce 
desirable mosaic-resistant varieties. Three promising lines are being fol- 
lowed: (1) hybridizing desirable varieties with Nicotiana digluta (seed 
obtained from R. E. Clausen, University of California), and repeatedly 
backer ossing ; (2) hybridizing desirable varieties with Ambalema and 
repeatedly backcrossing ; (3) repeatedly baekcrossing the best Ambalema- 
type resistant plants (A) on glutinosa-type resistant plants (N) to combine 
the two types of resistance. 

Recently, objections have been raised to the use of the N factor in control 
of tobacco mosaic,^ but in the experience of the writer the conclusion that 
‘‘it does not seem that the glutinosa type of mosaic resistance has any 
practical value” seems entirely unwarranted. 

Theoretically, the glutinosa (N) type of resistance, when transferred 
to commercial varieties of tobacco, should be ideal. It is governed by a 
dominant gene; consequently, b acker osses can be made on selected plants 
in every generation. Thus is should be a relatively simple matter, if the N 
gene has been transferred to a tabacum chromosome, as Holmes seems to 
believe,^ to introduce resistance of this type into any number of commercial 
varieties of tobacco. The baekcrossed strains, after about the third or 
fourth backeross, usually appear nearly identical with the commercial 
variety used as the backeross parent. It should then be necessary only to 
self a strain that has been repeatedly baekcrossed and select plants homo- 
zygous for the N factor. The original variety plus the resistance factors 
should result. The writer has isolated 3 homozygous strains from a fifth 
backeross strain prepared by Holmes in which Ky. i6 was used. Two of 
the NN strains were of lighter color than Ky. 16, had smaller upper leaves, 

1 The investigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the Director. 

2 Valleau, W. D., and E. M. Johnson. Observations and experiments on the control 
of true tobacco mosaic. Kentucky Agr. Expt. Stat. Bull. 280, 143-174. 1927. 

3 Clayton, E. E., and H. H. McKinney. Resistance to the common mosaic disease 
of tobacco. Phytopath. 31 : 1140-1142. 1941. 

^Holmes, E. 0. Inheritance of resistance to tobacco-mosaic disease in tobacco. 
Phytopath. 28: 553-560. 1938. 
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and bloomed much lower. The suckers were very tough and hard to remove. 

The third strain was of the same color as Ky. 16, grew nearly as large, but 
yielded about 25 per cent less tobacco. Several other homozygous strains 
of Burley of the writer’s own breeding have been isolated but nearly all 
have been discarded because of slow growth, low yield, or otlier rnulesirable 
characters. These results seem to indicate that when the N factor from 
Nicotiana glutinosa is well established in the tabaeuni genoin, it still (‘arries 
with it other factors that, when in a homozygous condition, markedly affect 
the type of plant produced. Some NN strains appear desirable, suggt^sting 
that, eventually, satisfactory varieties may evolve. 

As to the value of the N factor in the control of tobacco mosaic, there 
seems little doubt, in spite of objections that have been raised to it. There 
is no question that seedlings transplanted to thumb pots usually will be 
destroyed if heavily inoculated, making it necessary to remove tiie inoculated 
leaf soon after the necrotic spots develop, if the plant is to be saved. Ha pid ly 
growing plants in the field may likewise be destroyed if heavily inoeulated. 

In the writer’s field tests the past season, 27 strains of Nn or NN Burley ; 
tobacco were inoculated June 18, 1941, 25 days after setting. Inoculum used 
consisted of freshly crushed green leaves, applied with the thumb and fingers 
to the tip of one upper leaf. Of 441 N plants, 435 developed necrotic spots 
but otherwise remained healthy (Nn or NN) ; only 6 developed systemic j 
necrosis Nn or NN) . Inoculation was undoubtedly heavier than would 
ordinarily occur in accidental inoculation by the farmer. In addition, 3 
NN strains of Burley were tested extensively with farmers in 1940 and 1 
strain in 1941. These strains were not introduced for general planting, but 
were used for the purpose of demonstrating that mosaic can be controlled ; 
by the use of a resistant variety. In some of these demonstrations, the 
grower inoculated both the resistant and susceptible plants, but in no 
instance has a ease of systemic necrosis been reported. An occasional 
grower, who has been much troubled by mosaic in the past, has grown a 
crop of NN tobacco with complete success as far as mosaic is concerned. 

Another point should be kept in mind in connection with the use of the 
necrotic response in mosaic control : Nearly all mosaic infection originates 
on the hands of the workers, either as a result of handling viruliferoiis dried 
tobacco or, in rare cases, handling diseased weeds in the plant bed."^ 
Assuming, for argument’s sake, that every plant, inoculated with tobacco 
mosaic virus at weeding, pulling, and setting time, develops systemic necrosis 
and dies, experience with susceptible varieties has shown that it would be 
rare indeed that 10 per cent of the plants in the field would be affected fol- 
lowing setting. Field evidence indicates that there wmuld be no further 
spread from necrotic plants the remainder of the season because of low virus 
content in necrotic plants that may survive. The crop at harvest time would 
be virtually virus-free, and would not, therefore, carry virus over wunter. 

sValleau, W. D., and E. M. JoRnson. Tobacco mosaic — sources of infection and 
control. Kentucky Agr. Exp. Stat. Bull. 376. 1937. i 
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Therefore, any chewing or smoking tobacco from the crop, or any trash nsed 
for fertilizer from it, would be virus-free, and the second-year crop should 
be entirely uninjured by the virus. Granting that soil carry-over may some- 
times be a minor factor in field infection, there should be none following an 
N-resistant crop because of the few plants affected and because of the very 
low virus content of the necrotic plants. In warm regions, where tobacco 
plants sometimes survive the winter and act as a source of mosaic for the 
succeeding crop, there is little likelihood that necrotic plants would survive. 
The mosaic disease in an N-resistant crop thus is self-eradieatory in con- 
trast with its self-perpetuating habit in a susceptible crop. 

With Burley tobacco it has been possible to backcross with a susceptible 
variety 4 consecutive times on Ambalema-resistant P 2 Burley plants and 
still maintain resistance. There is some question as to whether resistance 
is of as high a degree as occurred in the original Ambalema selections. 
Backcross resistant seedlings develop some mottling 2 or 3 weeks after 
inoculation and may become slowly and nearly completely invaded if grown 
to maturity; yet the growing-point leaves of rapidly growing plants are 
unmottled and undistorted, indicating a high degree of resistance. When 
plants of this degree of resistance are grown in the field and inoculated with 
a bleaching strain of the mosaic virus as soon as rapid growth commences, 
the majority remain healthy, except for local chlorotic lesions, while a part 
develop an occasional chlorotic ring pattern on one or more lower uninocu- 
lated leaves. In commercial plantings where mosaic is abundant in a sus- 
ceptible variety, these resistant varieties remain entirely free from any 
noticeable infection. The objections to these resistant Burley varieties, 
noted so far, are that they have a somewhat objectionable plant type, even 
after repeated backcrossing ; yield has been lower than is obtained from the 
Burley parent (Ky. 16) used in backcrossing; and the majority of the 
hybrids wilt in hot weather, with the result that one or more leaves scald. 
Ky. 16 seems to be completely free from this trouble. It is possible that 
these objections may be overcome. The quality of certain of the resistant 
strains appears to be satisfactory. 

Theoretically, there may be some objections to the A type of resistance 
in that resistant plants sometimes carry a slight amount of virus, which might 
act as a source of inoculum for tomatoes or other succeptible crops when the 
viruliferous tobacco is prepared and sold in commercial form. Actually 
such a large percentage of A-resistant plants escape systemic infection, when 
heavily inoculated in the field, that there is little danger of any resistant 
plants developing sj^'stemic infection under farm conditions. There is a 
real danger, however, that strains of the mosaic virus may develop that will 
become systemic in N plants and produce a mottle disease, rather than 
necrosis, as Blood and Watson report in Datura meteloides.^ Both of these 

6 Blood, H. L., and E. D. Watson. A modification of the tobacco mosaic virus No. 
1 occurring in DaUira meieloides. Utah Acad, of Sei., Arts and Letters 15: 15-19. 
1938. ' 
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theoretical difficulties can be overcome, and nearly immune strains of tobacco 
produced, if the N and the A types of resistance are combined iu one variety. 
Ten such strains of Burley were set in the field in 1941 and inoculatcHl 25 
days after setting*. All were heterozygous for N, and had not been selindetl 
for A-type resistance, except that A-type resistant plants were used in bacdv- 
crossing. Of a total of 294 plants inoculated, 245 showed no evident signs 
of infection, 46 developed systemic mottle mosaic, and 3 developed a few 
chlorotic ring patterns on lower leaves. In tests Iat(u* in the summer it was 
usually difficult to detect N plants because of slow developnumt of local 
necrotic spots in plants in which the 4 recessive u f aiders also were present. 
In the greenhouse, tender Nn aaaa plants develop local necrotic s])ots but 
rarely manifest systemic necrosis under conditions where nearly all Xu 
plants would be destroyed. In a few instances Nn aaaa plants that developed 
systemic necrosis recovered completely when set in tlie ground bench. 

From the writer’s experience it seems safe to conclude that botli the 
Ambalema (A) and the glutinosa (N) types of resistance, either singly or 
together, will prove satisfactory for practical control of tobacco mosaic if 
satisfactory commercial varieties containing these factors in a homozygous 
condition can be produced. 

Kentucky Agricultural Experiment Station, 

Lexington, Kentucky. 


THE COMPOSITION AND FIELD PERFORMANCE OF SOME 
SILVER SPRAYS 

L. W. Nielseni and 0. E. Williamson2 
(Accepted for publication March 14, 1942) 

During the first fifteen years of the present century several attempts 
were made to use various silver compounds and mixtures as plant sprays. 
Though there was no consistent success with any of these, probably the most 
promising was a silver nitrate-soap mixture.^ An effort has been made 
recently by the senior writer^ to develop fungicidal sprays with silver as the 
toxic component. These developmental studies were conducted under labo- 
ratory and greenhouse conditions. It is the purpose of this paper to present 
the composition and field performance of some of the more promising silver 
sprays developed in the laboratory. 

THE SILVER SPRAYS 

One of the promising mixtures was prepared by adding a silver nitrate 
solution to a solution of sodium lauryl sulphate.® This spray will be re- 
ferred to as the silver-lauryl sulphate mixture. The silver nitrate concen- 
tration in this mixture varied between 0.299 and 1.195 g. per gal., while the 
sodium lauryl sulphate concentration (as Dreft or IN~181-P) varied from 
6.3 to 7.5 g. per gal. Two other silver sprays had 3 components. They 
contained, in common, silver nitrate and hydrated lime. The third com- 
ponent in each case was either ferrous sulphate or manganous sulphate. 
Laboratory studies indicate that the following relative concentrations of the 
3 components produce mixtures whose residues are most adherent to potato 
foliage: (A) the silver-ferrous sulphate mixture containing silver nitrate 
0.598 g., ferrous sulphate (PeS 04 ' 7 H 20 ) 0.98 g., and hydrated lime (73 
per cent calcium hydroxide) 0.59 g. per gal. of spray mixture; (B) the 
silver-manganous sulphate mixture containing silver nitrate 0.598 g., manga- 
nous sulphate (MnS 04 * 4 H 2 O) 0.77 g., and hydrated lime (73 per cent 
calcium hydroxide) 0.59 g. per gal. of spray mixture. 

The ferrous sulphate and manganous sulphate mixtures were each pre- 
pared by simultaneously adding the suspended hydrated lime and dis- 
solved sulphate salt to the solution of silver nitrate. The complete addition 

iDept. Plant Pathology, Cornell University, Ithaca, N. Y. 

2 Dept. Plant Pathology, Cornell University, Ithaca, N. Y., and Agent, U. S. D. A. 

3 Vermorel, V., and E. jOantony. Le mildion de la grappe. Prog. Agr. et Vit. 31: 
101-102. 1910; Abstract in Rev. Vit. 34: 71. 1910. 

4: Nielsen, L. W. Studies with silver compounds and mixtures as fungicidal sprays. 
In press. 

5 Commercial sources of sodium lauryl sulphate : 

3I)r0fij 

Orvus W. A. Paste ( ^^4 Gamble Co., Cincinnati, Ohio. 

IN-181 I I DuPont de Nemours & Co., Wilmington, 

IN-181-P i Delaware. 
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of the sulphate solution, to the silver nitrate may precede that of the hy- 
drated lime ■without any visible material change in the spray. However^ 
the available data® indicate that the simultaneous addition of the sulphate 
solution and the hydrated lime suspension will produce the more adherent 
mixture. The resulting mixture in each case is black, and has an ainorphous 
precipitate similar to that of Bordeaux mixture. 

Of the 3 sprays, the silver-ferrous sulphate mixture was the most ad- 
herent to potato foliage in the laboratory tests; silver-lauryl siil|)hate 
mixture was the least adherent. Due to an excess of sodium lauryl 8ii][>liate, 
the silver-lauryl sulphate mixture readily wets the sprayed foliage. How- 
ever, in order to wet foliage having a waxy cuticle, wetting agents must be 
added to the ferrous- and manganous-sulphate mixtures. Since silver ions 
have an affinity for proteins, wetting agents containing proteinaceous ma- 
terials should be avoided. 

The field experiments were concomitant with the laboratory develop- 
mental studies. Thus, in the field tests the concentrations of components of 
any silver spray mixture and the silver compound itself have varied some- 
what from year to year as progress was made in the laboratory. For this 



reason the above described spray mixtures, which recent laboratory studies 
indicate are best, are not included in the field experiments reported liere. 

THE FIELD EXPERIMENTS 

During the summer of 1938, the silver-lauryl sulphate mixture, silver 
oxide, and a colloidal-like silver, were compared with Bordeaux mixture 
and with red cuprous oxide (as a spray) for the control of late blight of 
celery (Septoria apii ) . The copper concentration in the red cuprous 
oxide mixture was equivalent to that in the 4 -4-50 Bordeaux mixture. The 
silver nitrate concentration for each of the silver sprays was 0.598 g. per gal. 


TABLE 1. — Data from, a field experiment comparing three silver ■sprays and two 
copper sprays for the control of Septoria apii infection of celery 



Mean number of 

Difference t between 

Spray 

marketable* leaves 

Bordeaux mixture and 

per plant 

other treatments 

Bordeux mixture (4-4-50) 

7.19 


Silver-lauryl sulphate 

6.68 

-0.51 

Colloidal silver (a) (b) 

5.23 

-1.96** 

Silver oxide (a) (e) 

5.2 . 

-1.99** 

Bed cuprous oxide 

5.08 

-2.11** 

Control 

2.55 

' -4.64 


* Marketable leaves means those leaves either free of infection or having mild infec- 
tion. Severely infected and dead leaves were counted but not considered in this analysis, 
t Minimum difference for odds of ; 

*19:1....... 1.43 leaves 

**99:1 1,95 leaves 

(a) Letbane 1/600 was used as a spreader. 

(b) Silver nitrate reduced with stannous chloride. 

(c) Produced by adding silver nitrate solution to sodium hydroxide solution. 

6 See footnote 4. 
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The experimental plants were artificially inoculated July 11, 1938. By 
July 30 good infection had developed and the first spray application was 
made. The plants at that time were developing their 4th or 5th leaves. 
Each spray treatment was applied to 27 ft. of row and was replicated 4 
times. Eight applications of spray were made at weekly intervals. The 
data were obtained by examining carefully every 4th plant in each row to 
determine the number of disease-free or mildly infected leaves. Both are 
grouped together as marketable leaves. The data are summarized in table 1. 
During the time of this experiment there was a total precipitation of 8.49 
inches. 

Of the silver sprays the silver Jauryl sulphate mixture gave best late- 
blight control, and the control obtained with this spray wms nearly as good 
as that obtained with 4-4-50 Bordeaux mixture. No visible residue was 
left by the silver-lauryl sulphate spray and no injury was observed. 

The silver-lauryl sulphate mixture at concentrations of 0.299 and 0.598 
g. of silver nitrate per gal. was compared with 5--2.5-50 Bordeaux mixture 
for the control of late blight of potatoes during the summer of 1939. In 
1940 silver-manganous sulphate with 0.299, 0.598, and 1.195 g. of silver 
nitrate per gal. and silver-ferrous sulphate with 0.598 g. of silver nitrate per 
gal. were compared with Bordeaux mixture. In both experiments the silver 
sprays were significantly less efficient than 5-2.5-50 Bordeaux mixture in 
controlling late blight,'^ 

During the season of 1940 various spray materials were compared for the 
control of tulip ^‘fire,^^ caused by Botrytis tulipae. In previous experi- 
ments copper-containing sprays in general proved injurious to tulips. High- 
lime Bordeaux mixture (1. 5-4.5-50) was comparatively safe, while 4-4-50 
Bordeaux mixture caused serious injury to foliage with consequent reduction 
in bulb growth. Of the sprays tested in 1940 only the silver-lauryl sulphate, 
silver-manganous sulphate, and the 1.5-4.5-50 Bordeaux mixture were 
statistically better than the check when compared on the basis of bulb 
weight increase. The other sprays will not be considered further here. 
The silver sprays contained 1.195 g. of silver nitrate per gal. The silver- 
lauryl sulphate mixture contained 6.8 g. of IN-181-P (sodium lauryl 
sulphate) per gal. The silver-manganous sulphate mixture contained 3.79 g. 
of manganous sulphate and 6.8 g. of hydrated lime per gal. Each treatment 
was replicated 8 times. Spray applications were made April 26, May 7, 
May 23, and June 2, 1940, and were applied before predicted rain periods. 
Prevailing conditions were extremely favorable for an epiphytotic of tulip 
‘^fire.^^ 

The 2 silver sprays, Bordeaux mixture and the check, were compared on 
the basis of (1) bulb weight increase, (2) number of leaf spots, and (3) num- 
ber of flower spots. Bulb increase was calculated by subtracting the plant- 
ing weight from the harvest weight and dividing the remainder by the 

7 Unpublished data, from experiments conducted by W. M. Epps, Eesearcli Assistant, 
Department of Plant Pathology, Cornell University, Ithaca, New York. 
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planting weight. The leaf-spot data were taken by using a card liaving an 
opening of 1 sq. in. The square opening was placed successively on 6 leaves 
chosen at random in each row of the 5 rows per plot — making a count of 20 
sq. in. for each plot. The dowser data were taken by counting the total 
number of lesions on 18 flowers selected after a definite patteiag such as 
flowers No. 1, 3, 6, and 9 in the first row; No. 2, 5, and 8 in the second row ; 
and No. 1, 3, 6, and 9 in the third row, etc., through the 5 rows in eachi plot. 
The data are summarized in table 2. 


TABLE 2. — A field comparison of two silver sprays and Bordtaux mixture ike 
control of tulip ‘^fire’^ as determined hy measuring knlb weight increase, leaf spots, and 
flower spots of sprayed plants 


Spray 

Bulb weight increase 
in per cent of plant- 
ing weight 

Leaf spots 

Flower H]>ois 


Ber cent 

Number 

Nu inber 

(a) Bordeaux mixture 1.5-4.5-50 

100.6^ 

17.6 

143.1 

(b) Silver-manganous sulphate 

101.0 

52.3 ^ 

361.6 

Silver-lauryl sulphate i 

99.7 

55.2 I 

143.4 

Cheek 

77.1 

222.7 ' 

307.1 


* Numbers given in table are means of eight replications. 

(a) Spreader, Vatsol OTt at a concentration of 1/650 based on solid. 

(b) Spreader, Vatsol OT at a concentration of 1/1000 based on solid. 

t Commercial source: 

American Cyanamid and Cbemical Corp. 

30 Boekefeller Plaza 

New York City 

The silver sprays compared favorably with the 1.5-~4.5“50 Bordeaux 
mixture in fungicidal action and had a further advantage in that they left no 
unsightly residue on the foliage and flowers. 

Silver-lauryl sulphate, silver-manganous sulphate and silver-ferrous 
sulphate sprays were compared with Bordeaux mixture during the season of 
3941 for the control of tulip ^^fire.’^ Owing to the dry growing season very 
little infection developed in the check plots and no comparative ])rote('tion 
data were obtained. 

The silver-manganous sulphate mixture, as prepared for the tulip ex- 
periments, including the spreading agent, cost 2.7 cents per gallon. Tlie 
Bordeaux mixture plus spreading agent cost 1.4 cents per gallon. However, 
the silver spray covered about 25 per cent more area because of its superior 
wetting properties. With a manganous sulphate concentration of 0.77 g. 
per gal. as given in the earlier formula (based on laboratory studies), the 
cost of this spray would have been approximately 2.0 cents per gallon. 

summary 

The composition and method of preparing three silver sprays are given. 

In a field experiment there was no significant difference between silver- 
lauryl sulphate mixture and Bordeaux mixture in the control of late blight 
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of celery. The 3 silver sprays tested were not so efficient as Bordeaux 
mixture for the control of late blight of potatoes. Both the silver-lanryl 
sulphate mixture and silver-manganous sulphate mixture were as good as 
Bordeaux mixture for the control of tulip ‘ffire’’ in one season’s test. 

None of the silver sprays left an objectionable residue on the sprayed 
foliage. If one may judge from the experiments with tulips, the silver 
sprays may be considered to give greater promise of value as fungicides 
for certain plants that are susceptible to copper injury. 



FUSARIUM WILT OF RADISH 

James B . Kendrick and W i l i a se C , Snyder 
(Accepted for publication March 9, 1942) 


A vascular fiisarium disease of White Cliiiiese Winter radish, { 
sativus var. longipinnatus Bailey) was observed in a seed field in San Benito 
County, California, in April, 1934.^ This planting had been made sometime 
in the summer of 1933 and the disease was well advanced, indicating that it 
had been present the previous summer. Several plants had been kilh^il hr 
the disease ; many others showed a yellowing and dwarfed iinihiterai growth. 
The disease has not been observed elsewhere in California, neitlier lias it 
again occurred on this i*anch, as the infested area has not subsetpiently b«‘en 
planted to radishes. 

The general symptoms of the disease on the large radish seed jilants 
resembled those of cabbage yellows caused by Fusariimi oxijsponm f. con- 
glutinans (Wr.) Sny. and Hans. Diseased plants showed yellowing and 
dropping of the leaves, frequently confined to one side of the plant, a dark- 
brown, vascular discoloration, severe stunting, and in many eases, death of 
the plant. A Fusarium was readily isolated from the discolored vascular 
tissue of the diseased stems. 

Young plants, growing in artificially infested soil in the greenhouse, also 
show symptoms characteristic of cabbage yellows. In 3 to 4 %veeks after 
seedlings emerge from the soil, a unilateral yellowing of the lower leaves 
begins to show on one side of the plant. The yellowing of the leaves pro- 
gresses rapidly from the lower to the upper leaves, and the leaves soon drop 
from the plant. The invasion of one side of the petiole and leaf by the 
fungus often results in a lateral and downward curling of the leaf. In tlie 
later stages of the disease on young plants, fungus invasion becomes general 
and all the leaves usually turn yellow and drop from the plant, leaving a 
bare stem, which soon dies. 

Pathogenicity studies were made by planting seed directly in pots of 
steam-sterilized soil. After the seedlings were established, agar-plate cul- 
tures of the causal Fusarium were shredded and added to flasks of sterile 
water. A small amount of the mycelial and spore suspension was poured 
around the base of the plants and immediately w^ashed into the soil by a 
, rather heavy watering. 

On July 7, 1934, a series of such inoculations were made in which 3 sepa- 
rate isolates of Fusarium from radish were used and White Chinese Winter 
radish, White Icicle radish (Baphanus sativus L.) and Early Jersey Wake- 
field cabbage (Brassica oleracea var. capital a L.) were exposed to each iso- 
late. The first symptoms of the disease w’-ere observed 21 days after inocu- 
lation, and final records were taken on September 18, when most of the radish 

1 Kendrick, James B., and William C. Snyder. A vascular fusarium disease of 
radish. (Abstract) Phytopath. 26 : 98, 1936. 
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plants were dead. No evidence of the disease showed on the cabbage plants. 
The results are summarized in table 1. 


TABLE 1 . — Summarized results of greenhouse inoculation tests of radish and eah- 
hage to the Fusarium responsible for the radish xoilt 


Variety 

Inoculated soil 

Controls 

Number of 
plants 

Percentage 

diseased 

Number of 
plants 

Percentage 

diseased 

White Chinese Winter radish 

104 

91.3 

24 

0.0 

White Icicle radish 

113 

90.2 

32 

0.0 

Early Jersey Wakefield cabbage 

161 

0.0 

57 

0.0 


On September 22, 1934, 8 varieties of radish, Early Jersey Wakefield 
cabbage, and Jersey kale (Brassica oleracea var. acephala DC.) were planted 
in the same pots of soil inoculated July 7. The first symptoms of the disease 
were noted on the young seedlings on October 16, and final notes were re- 
corded on December 20, 1934, when most of the plants were dead from the 
disease. The results are tabulated in table 2. 


TABLE 2 ." — Susceptibility of radish varieties, cabbage, and hale to the Fusarium 
wilt disease of radish in greenhouse inoculation trials 


Variety 

Inoculated soil 

Controls 

Number of 
plants 

1 Percentage 
diseased 

Number of 
plants 

Percentage 

diseased 

White Chinese Winter radish 

123 

87.8 

36 

0.0 

White Icicle radish 

169 

85.8 

52 

0.0 

Long Black Spanish radish 

38 

71.0 

7 

0.0 

California Mammoth White radish ... 

62 

90.3 

20 

0.0 

Chinese Eose Winter radish 

61 

25.5 

13 

0.0 

Scarlet Turnip radish 

64 

79.6 

■ 22 

0.0 

Long Scarlet radish 

62 

75.8 

21 

0.0 

French Breakfast radish 

62 

35.3 

23 

0.0 

Early Jersey Wakefield/cabbage 

217 

0.0 

.77 

0.0 

Jersey kale 

75 

0.0 

35 

0.0 


The above table shows that all types of radish tested are susceptible to 
the fusarium disease. The fact that the varieties Chinese Rose Winter and 
French Breakfast showed considerably less infection than the others might 
indicate some degree of resistance in these two varieties. Tables 1 and 2 
also show that the Fusarium causing the radish disease does not attack 
cabbage or kale, both of which are susceptible to cabbage yellows. 

Pure cultures of the radish Fusarium, prepared from single conidia, have 
shown the fungus to be a member of section Elegans.^ Culturally it differs 
from the cabbage yellows Fusarium principally in the unreliable character 
of mycelial color, which, in case of the radish fungus, is usually a deep 
vinaceous. Morphologically the radish Fusarium falls into the species F. 
oxysporum SchL, as emended by Snyder and Hansen.-^ 

2 See footnote 1. 

3 Snyder, W. C., and H. N*. Hansen. The species concept in Fusarium. Amer. Jour. 
Bot. 27: 64-67. 1940. 
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Since no vascular Pnsarinm pathogenic on radish has been de>seril)ed in 
the writers’ knowledge and since data given here demonstrate that a form 
of P. oxysporunij biologically distinct from the cabbage-yellows organism, 
P. oxysporum f. conglutmans^ causes a wilt of radish, it is proposed tiiat the 
radish organism be described as a new form as follows : 

Fusarium oxysporum f. raphani n. f. A vascular parasite of Eaphanus 
sativus^ and variety longipmnatus, causing fusarium wilt of radisiu 

SUMMARY 

A vascular fusarium wilt of White Chinese Winter radish [Baphanus 
sativus var. longipinnatus) characterized by symptoms similar to those of 
cabbage yellows caused by Fusarium oxysporum f. conglutvnans occurred in 
a radish seed field in California in 1934. Pathogenicity studies have shown 
the causal fungus to be pathogenic to common radishes {B. sativus), as well 
as White Chinese Winter radish, and distinct from the cabbage yellows 
Pusarium. The designation Fusarium oxysporum f. raphani n. f, is 3)1*0- 
posed for the radish -wilt organism. 

Division op Plant Pathology, 

University op California, 

Davis and Berkeley, California. 


PHYTOPATHOLOGICAL NOTE 


Chloropicrin as a Disinfectant for Plant Beds, — The rapid accumulation 
of parasitic fungi in the soil in greenhouse or outdoor plant beds, as a result 
of repeated plantings of the same crop, often halts further work with that 
crop until such soil is either disinfected or replaced. The use of steam for 
disinfection is cumbersome and frequently not feasible. Disinfection with 
some of the chemicals, recommended for this purpose, involves objectionable 
drenching of the soil; others are inflammable, or explosixe, and most of them 
render the soil unfit for planting for a considerable period. Soil replace- 
ment is laborious and often unsatisfactory. 

Chloropicrin, apparently free from most of these objectionable features, 
has been found effective and satisfactory as a soil disinfectant by a number 
of investigators. Clayton^ found it effective in tobacco beds against the 
black root-rot fungus, Thielmiopsis lasicola^ and the root-knot nematode, 
Heterodera marioni. Cooke^ applied it to the soil at the rate of 200 lb. per 
acre and prevented injury to sugar cane by Pythmm aphanadermatum. At 
the rate of 400 lb. per acre, Godfrey^ found it effective as a fungicide for 
species of Fusarium^ Bhizoctonia, Sclerotium, and certain other fungi. Mc- 
Laughlin and Melhus^ improved stands and increased yields of 6 field crops, 
presumably by controlling harmful soil fungi with an application of chloro- 
picrin at the rate of 480 lb. per acre. Young^ reported that from 300 to 600 
lb. per acre prevented injury from Fusarium lycopersici and Heterodera 
marioni in tomatoes and also controlled weeds. 

In the winter of 1940-41, the writer tried chloropicrin for disinfecting 
soil in part of a greenhouse bench and also in a number of soil flats. Its 
effectiveness in these tests led to its application in May, 1941, as a disin- 
fectant in outdoor plant beds, 5x8 ft., in which Colby milo was to be 
planted. These beds, in which sorghum had been grown for 5 years, had 
become infested with species of Pythium, especially P. arrhenomanes, 

Chloropicrin was applied May 12 at the rate of 3 cc. per sq. ft. with a 
special applicator that placed the material 6 in. deep. The soil was then 
lightly watered and immediately covered with a tarpaulin. After 4 days, 
the tarpaulin was removed and the Soil spaded. On May 29, Colby milo was 
planted both in the disinfected beds and in similar adjacent beds that also 
had been watered, covered, and spaded, but had received no chloropicrin. 

Emergence was slightly better in the treated soil than in the untreated 

1 Clayton, E. E., J. G. Gaines, G. M. Stone, and K J. Shaw. Soil treatments for 
tobacco plant beds. (Abstract) Phytopatb. 31: 8. 1941. 

2 Cooke, D. A. Tbe relation of Pytbinm to growth failure on phosphate-fixing soils. 

Report of the Assoc, of Hawaiian Sugar Technologists 12: 169-198. 1933. 

3 Godfrey, G. H. Control of soil fungi by soil fumigation with chloropicrin. Phy- 
topath. 26: 246-255. 1936. 

4 McLaughlin, J . Harvey, and I. E. Melhus. The response of some field crops on soils 

treated with chloropicrin. (Abstract) Phytopath. 32 : 15. 1942. 

5 Young, P. A. Soil fumigation with chloropicrin and carbon bisulfide to control 

tomato root knot and wilt. Phytopath. 30 : 860-865. 1940. 
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controls, and the disinfected soil was free from weeds, w’hile the untreated 
soil was soon overrun with them. Pronounced differences in growth oi the 
milo plants were not observed until mid-summer, when the plants in the 
untreated beds began to show symptoms of the ''milo-disease/' By August 



Eig. 1. Colby milo grown in Pi/t/imm-infested soil, whicli was, left untreated, and, 
P, treated with cliloropicrin. 


15, the contrast between the plants in the treated and untreated soils was 
very striking (Pig. 1). Those in the treated soil were vigorous and healthy 
and were producing excellent heads, whereas those in the untreated soil 
were stunted and dying and the heads were not filled. Pythiiim arrheno- 
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manes was readily isolated from the crowns and roots of these diseased 
plants. 

Chloropicrin should not be used in greenhouses in which plants are grow- 
ing, because growing plants are very sensitive to it. Complete directions for 
its application may be obtained from the manufacturers. — E. W. Leukel, 
Bureau of Plant Industry, U. S. Department of Agriculture, ‘Washington, 

D. C. 



A EING-SPOT TYPE OP VIRUS DISEASE OP TOMATO^ 

E . W . S A M S O N 2 A H D E . P . I M L E 

(Accepted for publication May 5, 1942) 

A virus disease of the tomato, characterized, in the most conspicuous 
stages, by intricate patterns of necrotic rings and lines on. yoiuig Icuivcs aiid 
necrotic streaks on the stems of infected plants, occurs in field <nul garden 
plantings throughout Indiana. Fruits faintly to eoaspieuously uuuiv('d wit it 
concentric, brown, corky, necrotic rings of varying size and extent sometimes 
occur on the diseased plants. The disease was first noted in July, at 

Vincennes, Indiana, and has since been observed on as high as 90 per cent 
of the plants in many canning-tomato fields in the southern part of llie Htat(^ 
Scattered infected plants have been noted as early as inid-fluly, but the 
disease is most abundant on field tomatoes in August and September. Its 
occurrence in Missouri has been confirmed by inoculations from several col- 
lections of diseased tomatoes received through the courtesy of G. M. Tucker 
of the Missouri Agricultural Experiment Station. A single collection was 
made in Illinois in August, 1941. The virus has been secured from vaguely 
mottled plants of horse nettle {Solarium caroline7ise L.) growing in tomato 
fields, indicating that this may be a commonly occurring perennial w^eed host. 
Plants of Nicandra physalodes (L.) Pers. and Batura stramonium L. infected 
with the virus have been found in and near tomato fields. The disease must 
be somewhat destructive to the tomato crop, but the extent of damage has 
been difficult to estimate because the extensive epidemics so far observed 
have been coincident with serious defoliation caused by Septoria lycoperisici 
Spegg. and Alternaria solani (E. and M.) Jones and Grout. The effects of 
the fungous diseases have overshadowed those of the virus. 

The necrotic rings produced on the fruit, foliage, and stems of tomato 
and on the leaves of other hosts suggest the name, tomato ring spot, for the 
disease. Only brief references to the writers’ work on it have been published 
previously (3,11), * 

SYMPTOMS OF RING SPOT ON TOMATO 

The conspicuous feature of a tomato plant naturally affected with ring 
spot in the field is the curling and extensive necrosis of the terminals of one 
or more actively growing shoots. Brown, clearly defined, necrotic rings and 
sinuous lines appear on the basal portions of leaflets of the younger leaves 
(Pig. 1, A). The petioles of the necrotic leaves and the adjacent portions 
of the stems are frequently marked by necrotic streaks and rings. Under 
greenhouse conditions, small, brown, necrotic rings may appear within 6 to 

1 Journal Paper No. 24, of the Purdue University Agricultural Experiment Station. 
Lafayette, Indiana. Contribution from the Department of Botany. 

2 Assistant Chief in Botany, Purdue University Agricultural Experiment Station. 

3 Formerly Graduate Assistant in Botany, Purdue University Agricultural Experiment 
Station. 
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12 days on inoculated leaves of young tomato plants, but sucli local lesions 
do not always result. Three to 6 days later the typical ring-and-line patterns 
appear on the young leaves and stem tips, sometimes in sufficient intensity to 
kill the terminals. The length of the incubation period is less at 70° and 80° 
than at 62° P. Resumption of growth of the terminals or of one or more 
lateral buds of affected shoots usually takes place promptly after the de- 
velopment of the necrotic phase of the disease, both under greenhouse and 


±IG. _1. lomato ring spot on leaf and fruits of tomato. A. Network of brown, 
necrotic lines on basal portions of leaflets. B-D. Paint to conspicuous grey or brown, 
corky, superficial, concentric rings or portions of rings on green fruits. 

outdoor conditions. Such new growth shows either no symptoms or only 
a vague mottling, and appears to develop and fruit normally. 

The symptoms that sometimes occur on fruits in the field vary from faint 
to conspicuous grey or brown, corky, superficial, frequently concentric rings 
or portions of rings (Fig. 1, B-D). They apparently develop only on those 
fruits that are very young at the time of virus invasion. They are suggestive 
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tip bliglit diseasej but differ in being superficial and corky in nature. The 
presence of the ring-spot virus has been demonstrated repeatedly in ring- 
marked fruits and symptomless fruits from diseased plants. Symptoms have 
not yet been secured on fruits of plants artificially inoeulated with ring-spot 
virus, either in the greenhouse or field, despite numerous attempts. 



Fig. 2. Tomato ring spot on Turkish tobacco {Nicotiana tahacum L.) and jimson 
weed {Batura stramonium L.). A. Conspicuous ring-and-line patterns on tobacco leaves. 
B. Clearing and slight necrosis of veins, flecking, and inconspicuous ring-and-line patterns 
on leaves of jimson weed. 

SYMPTOMS OP TOMATO EING SPOT ON TOBACCO AND JIMSON WTEED 

Young plants of Turkish tobacco {Nicotiana talacimi L.), infected TOth 
tomato ring-spot virus, exhibit a mild ring-and-line pattern on the inoculated 
leaves and somewhat more conspicuous patterns on one or more leaves next 
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above (Pig. 2, A) . Subsequent growth on such plants may show no such 
patterns but only a slightly paler color and a somewhat more rigid appear- 
ance than normal. Presence of the virus in both the basal and terminal 
leaves of such plants has been demonstrated by return inoculations to tomato 
and jimson weed. 

Symptoms of tomato ring spot on Nicotiana affinis T. Moore consist of 
numerous, faint, small rings on the lower leaves only, although the virus may 
be recovered by inoculations from the terminal leaves of such plants. No 
symptoms of local or systemic infection have appeared on plants of JV. 
glutinosa L. or N. sylvesfns Speg. and Comes inoculated with tomato ring 
spot. 

Indefinite rings and lines appear on the inoculated leaves of young 
jimson weed plants {Batura stramonium), followed by a clearing of the 
veins, flecking, and rather inconspicuous ring-and-line patterns on the next 
younger leaf tissues (Fig. 2, B). Subsequent leaf growth is almost devoid 
of any symptoms of disease, although definitely invaded by the virus. 

TRANSMISSION OF TOMATO RING SPOT 

Some difficulty was encountered in transmitting tomato ring spot to 
various hosts by leaf rubbing, unless carborundum powder was applied to 
the leaves prior to inoculation. The virus is easily thus transmitted to 
jimson weed. Several hundred attempts, all unsuccessful, were made to 
transmit the earlier collections of ring spot in plant extract from this host 
back to tomato. They were, however, transmitted with ease to tobacco, 
thence back to tomato. They also could be transmitted directly from jimson 
weed to tomato by grafting. Later, several collections were obtained that 
could be transmitted directly from jimson weed to tomato in plant extract 
without intermediate transfer through tobacco. 

FAILURE TO TRANSMIT RING SPOT WITH THRIPS 

Attempts were made to transmit tomato ring spot with thrips (appar- 
ently, Thrips tubaci Lind.). Thrips were confined for periods of 10 days 
to 9 weeks on virus-infected tomato and jimson weed. The insects were then 
transferred to feeding traps on the leaves of healthy plants of tomato and 
jimson weed and fed for varying intervals. In some instances they were 
transferred successively to 4 to 6 new plants after several hours of feeding 
on each plant in the series. None developed ring spot. The 9-week period 
should have been long enough for a new generation of thrips to have devel- 
oped and become viruliferous (6, 10) . 

Parallel attempts to transmit a suspected culture of the spotted-wilt virus 
with the same stock of thrips used in the ring-spot inoculations were like- 
wise unsuccessful. 

HIGH TEMPERATURES FAVOR UEVELOPMENT OF TOMATO RING SPOT 

Eelatively high greenhouse temperatures favor the development of ring 
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spot on tomato. Two different experiments were performed wliereiu lots 
of 20 plants were inoeiilated and placed in eaeii of 3 preen house sc^etions 
maintained at approximately 62°, 70°, and 80° F., respectively. The dis- 
ease appeared at about the same time on the plants at the two hipher teiu- 
peratnres and much more quickly than at 62° F. It was most severe on the 
plants in the 80° section, killing 75 per cent of the plants in one of the 
experiments. 

Infected tomato plants, grown in a glass-enclosed eompartiuent ludd at a 
constant temperature of 88° F., reacted differently, however; IxM^nning 
stunted and marked with an unusual yellow mosaic pattern. Fnder tlu‘se 
conditions infected jimson weed developed only a few pale rings on the 
inoculated leaves but no further symptoms. After one month in this com- 
partment the plants were removed to a greenhouse section held at 68° F. 
Necrotic ring spots developed on young leaves and shoots of the tomato ])]antH 
after 30 days, while the jimson weeds showed no further evidence of disease. 
The virus was subsequently recovered from the younger tissues of both 
species. 

HOST RANGE OP TOMATO RING SPOT 

Tomato ring spot has been found in the field on the varieties Greater 
Baltimore, Century, Clark’s Early, Kalb, King Humbert, Marglobe, Pride 
of Illinois, Pritchard, and Rutgei’s. The varieties Comet, Early Detroit, 
Earliana, Gulf State Market, Oxheart, and South Australian Dwarf Red 
were successfully inoculated with the virus. 

Seventy-eight species, representing 27 plant families, were tested for 
susceptibility to tomato ring spot. Five plants were inoculated from 2 or 3 
tomato plant sources and from one jimson weed source, making a total of 
15 or 20 inoculated plants of each species or variety. Return inoculations 
were made to tomato and jimson weed to determine systemic infection, re- 
gardless of whether the test plants showed symptoms of disease or not. 
Symptoms were secured on the following 2 species of the Amaranthaeeae, 
one of the Martyniaceae, and 19 species or varieties of the Solanaceae : 


Family Genus and Species 

Amaranthaeeae Amaranthus tricolor L. 

A, retroflexus L. 

Martyniaceae Martynia louisiana Mill. 

Solanaceae Androcera rostrata (Bunal) 

Eydb. 

Capsicum frutescens L. 
Datura stramonium L. 

D. tatula L. 

Datura sp. (horticultural 
form) 

Hyoscyamus niger L. 
Lycopersicon eseulentum MXll. 
L. pimpinellifolium (Jusl.) 
Mill. 

Nicandra pJiysalodes (L.) 
Pers. 

Nicotiana taloaeum li.yyQx, 
Turkish 


Common Name ' 

Pigweed 

Martynia 

Buffalo burr 
Pepper, Buby King 
White dowered jimson weed 
Purple flowered jimson weed 

Vaughan ^8 variety, Cornucopia 
Henbane 

Tomato, 10 varieties 
Bed currant tomato 
Apple of Peru 
Tobacco 


1042 


Phytopathology 


[VoL. 32 


Genus and Species 
N. affinis T. Moore 
Petunia Tiydrida grandiftora 
Vilm. 

P. hyhrida Vilm. 

P. axillaris BSP. 

Physalis aTkelcengi L. 
Solanum melongena L. 

S. pseudo -capsicum L. 

S. tuherosum L. 

P. caroUnense L. 


Common Name 


Giant Eiiffled Petunia 

Howard Star Improved Petunia 

Petunia 

Chinese lantern plant 
Eggplant 
J erusalem cherry 
Potato 
Horse nettle 


The ring-spot virus was recovered from all of the above by return in- 
oculation to jimson weed and tomato, except from Amaranthiis retroflexus, 
Martyfiia louisiana, Capsicum friitescens, Hyoscyamus niger^ and Solanum 
pseudo-capsicum. 

The following species failed to develop symptoms or to yield the ring- 
spot virus on return inoculation to jimson weed and tomato : 


Family 


Genus and Species 


Common Name 


Aizoaeeae 

Apoeynaceae 

Asclepiadaeeae 

Begoniaceae 


Tetragonia expansa Murr. 
Vinca rosea L., 2 varieties 
Asclepias tuberosa L. 
Begonia semper florens Link 
& Otto 


Chenopodiaeeae 

Compositae 


Convolvulaeeae 


Oruciferae 


Cneurbitaeeae 


Chenopodium album L. 

Beta vulgaris L., 2 varieties 
B. vulgaris var. cicla L. 
Ambrosia artemisiifolia G, 
Zinnia elegans Jaeq., 2 varie- 
ties 

Bidens bipinnata L. 

B. discoidea (T. & G.) Brit- 
ton 

Fmilia sonchifoUa DC. 
EeUanthus annuus L. 
Erigeron speciosus DC. 
Calendula officinalis L., 2 
varieties 

Callistephus chinensis Kees. 
Tagetes signata BartL 
T, erecta L. 

Ipomoea batatas Lam. 

I. purpurea Lam. 

Quamoclit penata Bojer, 3 
varieties 

Brassica oleracea L., 2 varie- 
ties 

B, alba Babenh., 2 varieties 
B. rapa L., 2 varieties 
Lagenaria leuoaniha Eusby 
Luff a cylindrica Eoem. 
Cucurbita pepo L,, 3 varieties 


Dipsaceae 

Euphorbiaceae 


C, moschata Dnehesne 
C. maxima Duchesne 
Cucumis melo L., 2 varieties 
C. sativus L., 2 varieties 
C. anguria L. 

Citrullis vulgaris Sebrad., 
varieties 

Scabiosa atropurpurea L. 
Euphorbia heterophylla Jj. 


New Zealand spinach 

Periwinkle 

Milkweed 

Begonia 
Lamb^s quarter 
Garden beet 
Swiss chard 
Eagweed 

Zinnia 

Spanish needle 

Spanish needle 
Tassel flower 
Sunflower 
Erigeron 

Calendula 
China aster 
Marigold 
Marigold 
Sweet potato 
Morning glory 

Cypress vine 

Cabbage 
Mustard 
Turnip 
Dipper gourd 
Dish cloth gourd 
Nest egg gourd, Golden Summer 
Crookneek squash, Cocozelle 
Bush squash 
Cushaw pumpkin 
Hubbard squash 
Cantaloupe 
Cucumber 

West Indian gherkin 

Watermelon 

Scabiosa 

Mexican fire plant 
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Family Genus and Species CommimiNmm 

Geraniaeeae Felargonitim kortorum Bailey Pelargoiiiiim 

P. odoratissimum Ait. Pelargoniimi 

Leguminosae Lupinus hartwegii Lindl. Lupine 

Fhaseoliis vulgaris L. Golden Cluster wax bean 

F. limensis Macf. Lima bean 

Glycine max Merr., 2 varie- 
ties Soybean 

Malvaeae Ahutilon theophrasti Aledic. Indian inariow 

Hibiscus eseulentus L. Okra 

Pliytolaeeaceae Phytolacca decandra L. PokewcHHl 

Plantaginaeeae Flayitago lanceolata L. Braettnl ])laiitain 

F, major L. Common plantain 

Polemoniaceae Phlox drummondii Hook., 2 

varieties Plilox 

Polygonaeeae Mumex aeetosella L. Red sorrel 

Fesicaria hydropiperoides 

Michx. Sniartvreed 

Banuneulaeeae Delphinium a jacis h., 2 

ties Larkspur 

Scropimlariaeeae Antirrhinum majus L.^ 2 varie- 
ties . Snapdragon 

Verbasoum thaspus L. Alullein 

Solanaceae Lycopersicon peruviamm 

(L.) Mill. 

Nicotiana gluiinosa L. 

N. sylvestris Speg. & Comes 
Salpiglossus sinuata L., 2 

varieties Salpiglossus 

Tropaeolaeeae Tropaeolum majus L., 2 varie- 
ties Nasturtium 

Umbelliferae Daucus caroia L. Carrot 

Violaeeae Viola tricolor L., 2 varieties Pansy 


PROPERTIES OF THE TOMATO RING-SPOT VIRUS 

Tolerance to Seal:. Two milliliter portions of infections tomato jniee, 
filtered through cheesecloth, were placed in small, thin-walled test tubes and 
suspended for 10-minute periods in a W'ater bath at various temperatures; 
they were then immediately inoculated into young tomato plants. King- 
spot infection was secured from preparations heated at 56° but not at 58° C. 
or higher. 

Besistance to Aging in Vitro. Quantities of juice from ring-spot-in- 
fected tomato plants held in test tubes at laboratory temperatures were 
infectious after 21 hours, but not after 27 hours, when inoculated into 
jimson weed. Tomato plants were infected from such juice stored for 21 
hours at 3° C. but only jimson weed plants were infected wdth juice stored 
for 45 hours at this temperature. Complete inactivation occurred after GO 
hours storage at 3° C. 

Limits of Dilution. The tomato ring-spot virus in tomato juice ^vas found 
to be infectious only at relatively low dilutions. Preparations diluted to 
1 : 250 were infectious while those diluted to 1 : 500 were not. 

Desiccation of the Bing-spot Virus in Infected Plant Tissue. Ring-spot 
infection was secured from water extracts of tomato leaves dried in the light 
in a warm greenhouse for 114 hours but not for 300 or 530 hours. The virus 
was destroyed more quickly by drying in tobacco leaves than in tomato 
leaves. 



1044 


Phytopati^ology 


[Voii. 32 


COMPARISON OP TOMATO RING SPOT WITH SPOTTED WILT, TOBACCO 
RING SPOT, POTATO RING SPOT, AND RING MOSAIC 

Spotted Wilt. Differences in symptoms produced, properties, and host 
range distinguish the tomato ring-spot virus from the spotted-wilt virus. 
The writers have compared three different collections of spotted wilt with 
tomato ring spot in the greenhouse. The symptoms produced on tomato by 
these collections have been in almost complete agreement with those de- 
scribed by Samuel, Bald, and Pittman (12). 

Bronzing is not a characteristic symptom of tomato ring spot on tomato. 
The necrotic symptoms of ring spot on tomato fruits (Fig. 1, B-D) seem to 
be more clearly defined, when they do occur, than those described by Samuel, 
et al., (12) and Parris (8) for spotted wilt. 

The tomato ring-spot virus survives a temperature of 56° C. for 10 min- 
utes, as compared to inactivation of the spotted wilt virus at 42° C. (1). 
The tomato ring-spot virus suiwives aging m vitro for 21 hours at room tem- 
peratures, while the spotted wilt virus is reported to lose its infectiousness 
after 6 hours at such temperatures (1). This, however, may not be a suffi- 
cient difference in tolerance to aging to distinguish the two viruses. 

The host range of tomato ring spot does not appear to be as extensive as 
that of spotted wilt. Calendula officinalis, Zinnia elecjans, Scaiiosa sp,^ 
Lupinus sp., Phaseohis vulgaris, Plantago major. Delphinium sp., Antir- 
rhinum majus, Nicotiana glutinosa, N, sylvestris, Salpiglossus sp. and 
Tropaeolum majus are listed as hosts of the spotted- wilt virus (13). None 
of these were successfully infected with the ring-spot virus. 

Parris (8) and Sakimura (10) present evidence that a virus causing a 
ring spot of tomato is the same as that of pineapple yellow spot and spotted 
wilt. The host range, symptoms produced, thermal death point and trans- 
mission by Thrips tahaci indicate the tip-blight virus, described by Milbrath 
(7), to be very similar to, if not identical with, the spotted- wilt virus and 
distinct from tomato ring spot. 

One cross-protection test was made, in which 8 rooted and rapidly grow- 
ing cuttings from tomato plants infected with the tomato ring-spot virus 
were inoculated with a suspected culture of the spotted- wilt virus. Typical 
symptoms of spotted wilt appeared on all cuttings 7 days after inoculation. 
That all of the cuttings were infected with tomato ring spot, even though 
none showed any symptoms, was demonstrated by inoculating young seed- 
lings from them prior to inoculation with spotted wilt. The spotted- wilt 
virus was secured from a diseased tomato plant received from L. J. Alex- 
ander of the Ohio Agricultural Experiment Station, who collected it in an 
Ohio greenhouse. Attempts to transmit it with the onion thrips failed, but 
otherwise it agreed with published descriptions of spotted wilt (8, 12, 13). 
It was transmitted to tomato, jimson weed, Turkish tobacco, Nicotiana glu- 
tinosa, Emilia sonchifoUa, aster, zinnia, snapdragon and nasturtium, with 
the development of typical symptoms. In parallel inoculations only the 
first three of the above were successfully infected with the tomato ring-spot 
virus used to inoculate the tomato plants from which the cutting's were taken. 
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Tobacco Ring Spot, Differences in transmissibilityj syinptoins prodiieod 
and host range serve to distinguish the tomato ring-spot virus from the 
tobacco ring-spot virus (9, 14). The riiig-and-line patterns usually pro- 
duced by it on Turkish tobacco are broader and more severe in their effects 
than those produced by the tomato ring-spot virus. Tobacco ring spot lias 
been tmnsmitted to such species as Teiragonia expansa^ Beta rulgarx^, 
Chenopodium album, Anibrosia artemisifoUa, Bide ns discoidea, Calendula 
officinalis, IlelianthMS anmms, Tagetes erecta, Zinnia elegans, Ipomoea pur- 
purea, Citr%Mis vulgaris, various species of Gucumis, Scabiosa atropurpurea, 
Phaseolus vulgaris, Phytolacca decandra, Nicotiana ghiiinosa, and Anfir- 
rhimm majus, (14), none of which could be infected with the tomato ring- 
spot virus. 

Price (9) compared the host ranges of 6 plant viruses, one of which lie 
refers to as tomato ring spot. He vepovts Tetragonia expansa, Vinca rosea, 
Beta vulgaris, Helianthus annuus, Zinnia elegans, Gucumis safivus, Pelar- 
gonium hortorum, Phaseolus vulgaris, Phytolacca decandra, Phlox drum- 
mondii, Nicotiana glutinosa and N. sylvestris as susceptible to this virus. 
No symptoms were produced on any of these hosts by the writer ^s tomato 
ring-spot vixms, nor could it be recovered from any of them. Symptoms 
produced by a culture of Price’s tomato ring spot on tomato, jimson weed 
and Turkish tobacco were strikingly d,ifferent from those produeed by the 
writer’s tomato ring spot. 

Potato Ring Spot. The tomato ring-spot virus commonly occurs in 
tomato plants in the field showing symptoms of tobacco-mosaic infection. 
This suggested that the disease might be due to the combined effects of the 
two viruses, or that the tomato ring-spot virus might be the same as the 
potato ring-spot virus (5), which acts in complementary fashion with the 
tobacco-mosaic virus to produce the necrotic disease, tomato streak (2, 15). 
Since the tobacco-mosaic virus does not become systemic in Datura stra- 
monium, it has been possible to inoculate this plant from tomato plants 
showing symptoms of both ring spot and tobacco mosaic, and subsequently 
transfer the ring-spot virus, freed of tobacco mosaic, back to tomato. Typi- 
cal ring-spot symptoms have been secured repeatedly on tomato plants so 
inoculated. Likewise, the disease has been obtained, free of tobacco mosaic, 
on several occasions by direct inoculation from naturally infected tomato 
and Solanum carolinense plants. 

Tomato plants infected with, and showing symptoms of potato ring spot 
are not protected against subsequent infection by tomato ring spot. Typical 
symptoms of the latter have been secured on such tomato plants. 

Bing Mosaic. Johnson (4) described a ring mosaic of tobacco that pro- 
duces concentric, sunken, chlorotic rings on tomato fruits and streaking of 
the stems. The fruit symptoms are not characteristic of tomato ring spot. 
The other symptoms produced by the ring-mosaic virus on tomato, the resis- 
tance of the virus to drying, and the fact that it does not become systemic in 
jimson weed further distinguish it from the tomato ring-spot virus. 
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SUMMARY 

A virus disease of the tomato, characterized by intricate patterns of 
necrotic rings and sinuous lines on young leaves, streaks on the stems, and 
faint to conspicuous, concentric, brown, necrotic rings of varying size and 
extent on the fruit, occurs in field and garden plantings throughout Indiana. 
The symptoms produced on tomato and other hosts suggest the name, tomato 
ring spot, for the disease. 

Infected tomato plants outgrow the necrotic phase of the disease and 
subsequently show either no detectable symptoms or only a vague mottling. 
The virus is present in the symptomless parts of such plants. 

Attempts to transmit tomato ring spot with TJirips taddci Lind, (onion 
thrips) were unsuccessful and inconclusive. 

Under greenhouse conditions the disease develops more rapidly and is 
more destructive at a temperature of 80° than at 70° or 62° P. 

Seventy-eight species, representing 27 plant families, were tested for 
susceptibility to tomato ring spot. Disease symptoms were produced on two 
species of the Amaranthaceae, one of the Marty niaceae, and on 19 species 
and varieties of the Solanaceae. It was recovered, by return inoculation to 
jimson weed and tomato, from Amaranihits tricolor and from 16 species and 
varieties of the Solanaceae. 

Studies of the properties of the virus in tomato-plant extract indicate 
that: (a) its thermal death point is between 56° and 58° C., (b) it survives 
aging in vitro for 21 hours but not 27 hours at room temperatures, and for 
45 but not 60 hours at 3° C., (c) it is infectious at dilutions of 1: 250 but 
not 1 : 500, and (d) it survives desiccation in detached tomato leaves exposed 
in a warm greenhouse for 114 but not 300 hours. 

Differences in symptoms of disease, host ranges, and properties clearly 
indicate that the tomato ring-spot virus is distinct from the tobacco ring-spot, 
potato ring-spot, and ring-mosaic viruses. Symptoms produced by it on 
tomato are highly suggestive of those produced by the spotted- wilt virus on 
this host, but it has a more restricted host range and a higher thermal death 
point. Tomato plants affected with tomato ring spot were not protected 
from infection by a suspected culture of the spotted-wilt virus. 
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RELATIVE RESISTANCE OF ALFALFA SPECIES AND VARIETIES 
TO RUST CAUSED BY UROMYCES STRIATUS^ 

J. M. KOEPPER2 

(Accepted for publication March 30, 1942) 

INTRODUCTION 

Alfalfa rust (Uromyces striatus Schroet.) is widely distributed in the 
United States, but usually has been considered one of the minor diseases. 
In recent years, however, it has wrought considerable damage, especially to 
the seed crop, in parts of central United States. The only practical means 
of control seems to be the breeding of resistant varieties through selection 
and hybridization. The studies herein reported were undertaken to obtain 
information on methods of culturing alfalfa rust in the laboratory, green- 
house, and nursery and to test varieties, selections, and species of alfalfa in 
search of sources of resistance. 

This disease is of little economic importance in some regions, but in other 
areas it is regarded as one of the most important leaf and stem diseases. 
During the last 25 years, 1916 to 1940, inclusive, alfalfa rust was reported 
29 times, either in the supplements or in the regular numbers of the Plant 
Disease Reporter (1, 5, 6, 7). Workers report varying degrees of damage, 
depending mainly on the region in question and the prevailing environ- 
mental conditions. Damage in any one season depends largely upon the 
amount of rainfall during the summer months and the later part of the 
growing season. In nearly all eases alfalfa rust seems to do its greatest 
damage to the crop that is being grown for seed. Under favorable condi- 
tions, however, it may be conspicuous in the later hay cuttings in the west- 
ern Mississippi valley. Prom all indications the disease produces greater 
losses in the warm, humid parts of the United States than in the cooler areas. 

Few reports were found in the literature on resistance to alfalfa rust. 
During the summer of 1911, plants in the Iowa B:^eriment Station plots 
were examined (4). One plot of an unnamed selection with nearly white 
flowers was found severely rusted, but an adjoining plot of a recent intro- 
duction from Germany was sparsely infected. In 1922 several plants in a 
severely infected field of alfalfa growing on the Soils and Crop Experiment 
Farm at Lafayette, Indiana, showed high resistance (3) . These were trans- 
planted to the greenhouse, where their rust resistance was proved by inocu- 
lation. Mains (2) stated in 1926 that plants resistant to alfalfa rust had 
been discovered in strains of such varieties as Grimm, Cossack, Vale, Argen- 
tine, Dakota, and New Zealand. 

1 Contribution No. 416 from the Department of Botany, Kansas Agricultural Ex- 
periment Station, Manhattan, Kansas. 

2 Formerly, G-raduate Research Assistant, Kansas Agricultural Experiment Station, 
Manhattan, Kansas. The writer wishes to acknowledge his indebtedness to C. 0. Johnston 
and L. E. Melchers for valuable assistance and direction throughout the investigation. 
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EXPERIMENTAL. RESULTS 

In a study of varietal resistance in the laboratory, excised alfalhi heaves 
lived 3 to 4 weeks in moist Petri dishes. Inoculating leaflets by a])plying 
fresh iirediospores with a small camel-hair brush gave excellent infection 
(Pig. 1). Rust pustules appeared on leaves inoculated in this manner 2 to 
3 days earlier than on potted plants placed in a moist chamber in tlu^ green- 
house and inoculated with a spore suspension. This method of iinxnilation 
proved sufficiently accurate to determine varietal and species (liftVrencc^s in 
susceptibility. 



Fig. 1. Normal uredia of Uromyces striaius produced by the inoculation of excised 
leaves of Turkestan alfalfa in the laboratory. 


Several methods of inoculation and incnbation were tried in an effort to 
produce infections in the greenhouse comparable to those obtained in the 
field. Most methods either were too tedious or gave poor results, but after 
numerous trials a simple method was discovered, which, if conducted in the 
proper manner, yielded better results dhah field tests. It w^as found that 
fresh nrediospores must be used to obtain satisfactory infection. A com- 
posite inoculum was prepared by scraping nrediospores from infected leaves 
with a flattened needle. This inoculum was suspended in distilled water in 
the glass container of a small fly sprayer and atomized on potted alfalfa 
plants in moist chambers. The relative humidity was retained at close to 
100 per cent for 48 hours ; then the plants were removed and placed on wet 
sand beds on the floor of the greenhouse. Rust pustules appeared 7 to 10 
days after inoculation, and final rust readings generally were taken about 
3 weeks later. 
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After tlie method of inoculation had been perfected^ a varietal-testing 
program and search for rust-resistant types were begun. From early Feb- 
ruary to the first week in June, 1940, 2109 rust readings were made in the 
greenhouse tests. Plants of Medicago ruthenica TrSiiitv., M. falcaia L. and 
3 different variegated alfalfas were used in this study, as well as several 
varieties, introductions, or selections of common alfalfa (J/. safiva). 

Some method of taking accurate notes on infected plants was ncM'essary 
before a comparison of the susceptibility of varieties could be made. A 0-4 
scale was adopted in order to place the rust reading’s on a numerical basis. 
The readings were made on 3 general criteria, ie,^ coefficient of severity, type 
of infection, and length of infection period. Each plant examined was given 
a reading under all 3 criteria, each being based upon the same 0-4 scaile. 
The coefficient of severity denoted the degree to which the plants were in- 
fected. Type of infection corresponded to the response of the plants to rust 
infection, ic., the general effect of the disease on plants as manifested by 
chlorosis, /'erumpence,'’ etc. The length of infection period concerned 
mainly the time element in relation to infection. Table 1 shows the infec- 
tion types and further explains the method used in recording readings on 
susceptibility. 

The total coefficient of infection was determined by finding the sum of 
the figures for the 3 criteria of rust infection. Dividing the total coefficient 
by the total number of readings gave a figure that denoted the average coeffi- 
cient of infection, or the so-called rust reading of the plant. The average 
of all the readings taken for the plants of a given species, variety, or selec- 
tion gave the rust reading for that particular species, variety or selection. 
This method is believed to give an accurate measure of plant and varietal 
susceptibility. 


TABLE 2 . — Summary sJiowing relative susceptibility of species, varieties, and selec- 
tions of alfalfa to TJromyces striatus under greenhouse conditions, Manhattan, Kans,, 
1940 


Species, variety 
or selection 

Severity 

rank 

Total 

plants 

Total 

readings 

Coefficient ( 

Total 

>f infection 

Average 

Medicago ruthenica 

1 

10 

30 

0.0 

0.00 

Semipalatiiisk 

2 

24 

72 

58.5 

0.81 

Ladak 

3 

63 

189 

307.0 

1.63 

Medicago falcata 

4 

25 

75 

128.5 

1.71 

Kansas Common 

5 

25 

75 

181.5 

2.42 

Kansas Common 1-2018.. 

6 

74 

■222 

547.5 

2*.48 

Kansas Common 1-205 

7 

44 

132 

343.0 

2.60 

Grimm 

8 

77 

231 

210.0 

2.75 

Hardistan 

9 

10 

30 

97.5 

3.25 

Turkestan 86696 

10 

158 

474 

1552.5 

3.28 

Turkestan 19304 

11 

168 

504 

1681.0 

3.34 

Hairy Peruvian 

12 

25 

75 

267,0 

3.57 


A summary of the data obtained in the greenhouse (Table 2) shows the 
comparative resistance to rust of 12 varieties and species of alfalfa. Thus, 
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the greenhouse tests showed the 16-ehroinosoine species, Medicago ruthenicaj 
with a 0.00 reading, to be the most resistant of all species and varieties tested. 
A strain of Semipalatinsk, Medicago falcata, which has crossed naturally 
with some common alfalfas since its importation from Russia, was given a 
rust reading of 0.81 and showed a very high degree of resistance in nearly 
all plants. Ladak proved to be the most resistant of any of the agrono- 
mically important varieties. Medicago falcata reacted variably. The re- 
sults of all rust tests indicated that Kansas Common, as a variety, had only 
a moderate degree of rust resistance (Pig. 2), being less resistant than 


Fig. 2. Small uredia of Uromyces striatus on the upper surface of greenhouse-grown 
plants of Kansas Common alfalfa showing chlorotic areas surrounding uredia denoting 
moderate resistance. 

Ladak but considerably more resistant than Turkestan. Grimm ranked 
eighth among the species, varieties, and selections tested in the greenhouse, 
rating just below the Kansas Common strains. Turkestan types, including 
Hardistan, proved uniformly susceptible to rust (Pig. 3). Turkestan 86696 
ranked next to Hardistan in the greenhouse tests, with a rust reading of 
3.28; it was closely followed by another selection, Turkestan 19304, which 
had an average coefficient of infection of 3.34. Hairy Peruvian was the 
most susceptible variety tested in the greenhouse. Rust seemed to make its 
appearance on the plants earlier than on any of the other species or varieties 
and also caused more injury. 

The wide range in susceptibility among species and varieties of alfalfa 
was impressive, extending from a reading of 0.00 for Medicago rutkenica to 
3.57 for Hairy Peruvian. The results with M. riithenica might indicate that 
plants with a low chromosome count carry a much higher degree of resis- 
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tance than those with higher chromosome numbers. Further breeding and 
testing are needed to clarify this point. 

Notes on the severity of infection were taken in tlie field at different 
dates on 6 varieties or selections of cultivated alfalfa placed in a randomized 
2-row series replicated 3 times. Plants were examined carefully for rust 
appearing on leaves, petioles, and stems (Fig. 4). Bach row then was given 
a numerical rust value from 0-9, following the system of numbering usctI 
by the United States Department of Agriculture in reporting damage by 



i ceptible Turkestan alfalfa grown in the greenhouse. 

the leaf -spot diseases of alfalfa. A summary of the field reactions of these 
varieties to rust is presented in table 3. Additional field notes were made 
on various varieties and selections at the Agronomy Farm plots. 

With the exception of the variety, Hairy Peruvian, field and laboratory 
data seemed, in general, to agree with readings made on the species, varie- 
ties, and selections in the greenhouse. Table 4 was prepared with the object 
of bringing all readings together, so that results could be compared directly. 
I Here, the rankings of the various strains under each of the 3 conditions are 

shown. The last column in table 4 represents the final rank of each strain 
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Jig. 4. Large uredia of Vromyces strifitus on tlie stems of susceptible Turkestan 
alfalfa grown in the field. 

and indicates its relative susceptibility. Table 4, therefore, shows the rank 
of each species, variety, or selection for each type of test and its average 
severity rank for the 3 tests. On the basis of the data shown in this table, 
Medicago ntthenica was the most resistant of all plants tested. Next in 
rank were M. falcata and Semipalatinsk, both of which showed considerable 
resistance. Ladak ranked fourth, but it might be classed as first among the 
commercial varieties. Kansas Common types showed only moderate resis- 
tance in all cases, hence they all had intermediate ranks. Although Hairy 
Peruvian proved to be the most susceptible in greenhouse tests, the final 
rank was somewhat above Grimm and Turkestan. This was due to its ten- 
dency to be fairly free from rust in the field during the summer of 1939. 
Hardistan and Turkestan were by far the most susceptible of any plants 
tested under each of the three conditions. 


TABLE 3 . — Summary of field reactions of alfalfa varieties and selections to rustj 
Manhattan, Kansas, Seftemher’-Octoher, 1939 


Yariety 

Total 

rows^ 

Total 

readings 

Total 

severity 

Average 

severity 

Severity 

rank 

Grimm i 

10 

1 3 

54.0 

3.6 

l'' . 4 

Ladak 

10 

3 

39.5 

2.6 

1 

Kansas Common 1-205 

10 

3 

46.0 

3.1 

3 

Kansas Common 1-2018 

10 

3 

43.5 

2.9 

2' 

Turkestan 86696 

10 

3 

93.5 

6.2 

5 

Turkestan 19304 

10 

3 

96.5 

6.4 

6 
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The differences in susceptibility in the field afforded an opportunity to 
select a promising plant of Ladak alfalfa in the plots during the fall of 1939. 
It was grown in the greenhouse where it was subjected to the most severe 
rust tests. All efforts to produce rust on the plant failed, hence, it obviously 
carries a high form of resistance. Cuttings were made from the parent 
stock, and these also proved resistant. Tests of the cuttings with blackstem, 
Ascocliyta imperfecta Peek, made in cooperation with the Department of 
Agronomy, proved that this rust-resistant selection also is highly resistant 
to the blackstem disease. Therefore, it seems probable that this selection 
carries strong resistance to several leaf and stem diseases of alfalfa and 
should be valuable to alfalfa breeders desiring to use resistant parental stock 
in crosses. If the resistance carried by this selection could be combined with 
the good agronomic qualities of Turkestan, a superior strain of alfalfa might 
be developed for the western Mississippi valley. 

SUMMARY 

A general study of the relative resistance of different Medicago species 
and varieties and selections of Medicago sativa L. to alfalfa rust {Uromyces 
striatus ^diToet,) was made under laboratory, field, and greenhouse condi- 
tions. 

A method of inoculating excised alfalfa leaves in Petri dishes was devel- 
oped in the laboratory, which was found to be sufficiently accurate to deter- 
mine varietal and species differences in susceptibility. 

In greenhouse experiments a simple technique was developed by which 
rust infection comparable to that found in the field was obtained. Fresh 
rust inoculum was sprayed on potted plants in a moist chamber. Rust 
pustules appeared 7 to 10 days after inoculation, and final rust readings 
generally were taken about 3 weeks later. 

Marked differences in resistance to rust among varieties and species of 
Medicago were observed in the greenhouse. Medicago ruthenica car- 
ried the highest form of resistance. Turkestan and Hairy Peruvian were 
the most susceptible. With the exception of Hairy Peruvian, readings on 
jspecies, varieties, and selections made in the greenhouse and laboratory 
agreed very closely with those taken in the field. This one variety appeared 
susceptible in the greenhouse but was relatively free from rust in the field 
during the summer of 1939. 

A plant selection of Ladak made in the field exhibited the most resistance 
of any strains or varieties of the Medicago sativa group. This selection not 
only showed high resistance to rust in greenhouse tests but also recently 
exhibited high resistance to blackstem disease of alfalfa caused by Ascochyta 
imperfecta. Cuttings of this selection have been released to the alfalfa 
improvement project of the Kansas Agricultural Experiment Station, Man- 
hattan, Kansas, for other tests and possible increase. 

Kansas Agricultural Experiment Station, 

Manhattan, Kansas. 
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QUANTITATIVE MEASUREMENT OP A STRAIN OP 
TOBACCO-ETCH VIRUS 

Francis O, Holmes 
(Accepted for publication April 22, 1942) 

More than a dozen phytopathogenic viruses can now be measured by 
noting the incidence of conspicuous primary lesions on inoculated leaves of 
appropriate host plants. These include the viruses of tobacco mosaic (7), 
potato mottle (17), tobacco ringspot (13), tomato spotted wilt (18), cucum- 
ber mosaic (14), alfalfa mosaic (21), tobacco necrosis (20), turnip mosaic 
(6), tomato ringspot (15), tobacco streak (12), tobacco Bergerac ringspot 
(19), tomato bushy stunt (2), potato yellow dwarf (3), pea streak (4), and 
pea wilt (11). 

The primary-lesion method for measurement of virus activity is consid- 
erably more efficient than the most widely applicable alternative technique, 
which depends on the percentages of inoculated plants that become diseased 
at specific dilutions of inocula. In the primary-lesion method, each inocu- 
lated leaf is capable of disclosing a number of separate infections or their 
absence, and thus serves in the same capacity as a set of plants in the alter- 
native method. The relative facility with which hitherto obscure properties 
of viruses can be investigated when the primary-lesion method becomes ap- 
plicable has led the writer to hope that many, if not all, mechanically inocu- 
lable viruses eventually might be susceptible to study by this technique if 
further information on their potential host ranges should become available. 
The results from experiments with tobacco-etch virus tend to support this 
view. 

Tobacco-etch virus (Marmor erodens H.) was selected for further study, 
several years ago, because it was a conveniently available representative of 
viruses then known to be readily transmitted by mechanical means from one 
host to another, but not known to be capable of inducing formation of con- 
spicuous primary lesions in any susceptible species. A search was begun 
for a host in which it would produce conspicuous primary lesions. The 
severe-etch strain (var. severum H.) was used, because it seemed likely to 
induce more severe and conspicuous manifestations of disease than the type 
strain (var. H.). 

The severe strain of tobacco-etch virus was originally studied and de- 
scribed by Johnson (10). It induces in Turkish tobacco and other varieties 
of Nicotiana tahacum L. a disease that is characterized both by chlorotic 
mottling and by intricate patterns of fine white lines that appear as though 
etched on the surface of affected leaves ; in most other known hosts it induces 
chlorotic mottling without etched patterns. 

Primary lesions are rarely discernible in hosts infected by the severe-etch 
strain. They are, however, sometimes to be seen in inoculated leaves of the 
most commonly studied host, tobacco. There they appear as faintly chlo- 
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rotic spots, as fine, white, etched rings, or as combinations of the two. These 
primary lesions have been made clearly visible by Bawden and Kassanis (1) 
through staining infected tobacco leaves -with iodine ; the lesions, in which 
there is abnormal retention of starch, then can be counted accurately. In 
living leaves, they are not conspicuous enough to be counted readily in this 
or any other host that was known before the present investigation was begun. 

In the search for a useful test plant for quantitative estimation of 
tobacco-etch virus, more than 250 species of plants were inoculated. About 
one-fourth of all the tested species permitted inci’ease of tlie virus in their 
tissues; a majority of these also showed disease manifestations. Among the 
species that were found susceptible, a few, but only a few, showed necrotic 
primary lesions as a result of infection. Of these, PJiy sails peruviana Ij., 
the Cape gooseberry, proved best for estimating virus activity, as has already 
been reported in an abstract (9). 

The characteristics of primary and secondary lesions in Phy sails pern- 
viana, the influence on them of age and condition of host, season, manner of 
inoculation, and source of virus, as well as results of some measurements 
made by use of the primary lesions, form the subject of the present paper. 

PRIMARY AND SECONDARY LESIONS IN PHYSALIS PERUVIANA 

Primary Lesions. Inoculation of PhysaUs peruviana with the severe- 
etch strain of tobacco-etch virus was followed in about 5 days, under appro- 
priate conditions, by collapse of tissues in little spots on the inoculated 
leaves. The spots, which constituted necrotic primary lesions, later became 
larger and displayed a dark brown zone of pigmentation surrounding a tan 
or light brown center; outside these two necrotic zones there was often a 
third, less well defined zone of yellowing. The lesions became increasingly 
conspicuous until about the tenth day after inoculation, when final counts 
for quantitative studies usually were made. Typical necrotic primary 
lesions in a partl.y yellowed, inoculated leaf of P. pefniviana^ 10 days after 
inoculation, are represented in figure 1. 

Old yellowing leaves sometimes showed primary lesions as chlorophyll- 
retention patterns without accompanying necrosis. On other occasions they 
showed them as spots of chlorophyll retention with but small central areas 
of necrosis. In either ease, if lesions were numerous, these old leaves often 
dropped before younger leaves were ready for final counting. Because of 
this, records were kept from the 6th or 7th day after inoculation until about 
the 10th day. 

Even relatively young leaves that developed many lesions tended to be- 
come yellow and to absciss earlier than comparable healthy leaves or leaves 
that showed fewer lesions. This abscission of inoculated leaves, though in 
a way comparable to the loss of inoculated leaves of the Tabasco pepper and 
its derivatives when inoculated with tobacco-mosaic virus (8), differed in 
that it did not occur promptly enough to prevent systemic spread of virus. 

Secondary Lesions. Systemic spread of the virus often induced the ap- 
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pearance of secondary lesions in young developing leaves about the 10th day 
after inoculation, sometimes earlier. The secondary lesions, when they were 
so few as to develop without interfering with each other, resembled the pri- 
mary lesions in general appearance. In young leaves that were heavily 



Pig. 1. Primary lesions in an inoculated leaf of Cape gooseberry, Fhysalis peruvi' 
ana, 10 days after inoculation with the severe-etch strain of tobacco-etch virus. Lesions 
necrotic, dark brown peripherally, with lighter brown centers; in the lower right portion 
of the leaf, which had not yet turned yellow at the time of photographing, the green 
lamina was set off from each lesion by a diffuse yellow halo. 

invaded, abscission sometimes occurred too early to permit development of 
recognizable, discrete, necrotic lesions ; wilting, however, sometimes occurred 
in these young leaves just before they fell from their stems. 

Factors Affecting the Use of Primary Lesions in Measurement of Virus 
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Concentrations. The type of primary lesion represented in figure 1 is per- 
haps the most desirable for quantitative measurement studies. It presents 
considerable necrosis, little or no confluence, conspicuous yellow peripheral 
halos in green areas of leaf tissue, high contrast in color in ^yellnwed areas. 
Deviations from this type of lesion were found to occur in conseqiienee of a 
number of variables that must be recognized in practical work. 

Age of Test Plant. Plants proved best for use in virus estimation about 
the time of first flowering. Younger plants were affected so ])romptly by 
systemic necrosis as to be killed outright in a more or less diagnostic manner, 
i They showed, in quick succession, abscission of leaves just below the toj) of 

the plant, abscission of top leaves and of the older or of all inoculated leaves, 
death of stem tips, and eventual collapse of the whole plant. Often the 



Pig. 2. Specificity of protection against the severe-etch strain of tobacco-etch virus 
in plants of Physalis peruviana inoculated with (left to right) the mild-eteh strain of 
the same virus, healthy tobacco juice, cucumber-mosaic virus, tobacco-mosaic virus, and 
the Canada-streak strain of potato aucuba-mosaic virus. Only the plant at the extreme 
left escaped systemic necrosis as a result of the test inoculation. 

whole succession of events was so rapid that it was concluded without forma- 
tion of discrete primary lesions. 

Age of Inoculated Leaf. In general, plants proved less suseeptible in 
their younger than in most of their older leaves ; on some plants the very old 
leaves were also relatively insusceptible. 

Seasonal Effects. Pall, winter, and spring conditions in the greenhouse, 
with temperatures held as close as possible, at least at night, to 22® C., proved 
satisfactory for making quantitative measurements. Summer conditions 
were unsatisfactory ; the trouble appeared to involve unknown factors other 
than temperature, probably acting before inoculation. Leaves of Physalis 
peruviana grown under summer conditions were thicker and tougher than 
those grown in fall, winter, or spring and permitted only a few, highly local- 
ized lesions to form as a result of inoculation ; natural immunity seemed to 
be an'nrnvimflt.pH iindev tbpap ennrli+.iArisi 
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Effeci of Changing Shmn of Virus, Conspicuous., necrotic, primary 
lesions like those characteristic of the severe-etch strain did not occur as a 
result of inoculations made with the mild-etch strain, the only other strain 
of tobacco-etch virus that was tested. The mild-etch strain generally in- 
duced a systemic, chlorotic-mottling disease in Physalis peruviana. Only 
occasionally some necrosis, local or systemic, was observed. Definite rela- 
tionship of the two strains was shown, however, by the fact that chlorotic 
areas of the plants infected by the mild-etch strain showed no evidence of 
being infected after reinoculation with the severe-etch strain. The second 
inoculation produced neither necrotic primary lesions nor systemic necrosis. 
Similar protection was not conferred by preliminary infection with other 
viruses that caused chlorotic mottling in the same host, such as cucumber- 
mosaic virus {Marmor cucumeris H.), tobacco-mosaic virus {M. tabaci H.), 
or Canada-streak virus (M. aucuha H. var. canadea.S‘e Black and Price). 
Figure 2 shows the specificity of protective inoculation with mild-etch virus. 
The findings confirmed the observation of Bawden and Kassanis (1) that 
protection against severe-etch virus is afforded by prior infection with mild- 
etch virus. 

Effects of Intentional Variations in Manner of Making Test Inoculations. 
Several modifications of technique were tested to discover the best manner 
of conducting inoculation experiments. As a standard practice, plants of 
Physalis peruviana growing in 6-inch clay pots were inoculated, about the 
time of blossoming or first fruiting, by rubbing the upper surface of each 
large leaf with a muslin pad moistened liberally with the infectious fluid to 
be tested. Usually, 10 or more leaves of each plant were inoculated, and 
the 6 successive leaves that proved most highly susceptible were selected for 
counting. 

Increasing the number of strokes for the inoculation of each leaf gave a 
slight increase followed by a decrease in primary lesions ; thus with 6, 12, 
18, and 24 strokes per leaf, the lesion counts per set of 12 test leaves (6 on 
each of 2 plants) were 1633, 1714, 2250 and 1642, respectively. Perhaps 12 
strokes per leaf should be recommended as conserving time and producing 
numbers of lesions not likely to be greatly modified by slight variations in 
length or severity of strokes. 

Rinsing leaves with water immediately after inoculation, 15 minutes 
later, or not at all, did not greatly modify results, giving averages of 38.8, 
50.9, and 53.3 lesions per leaf, respectively, in a test that involved 36 inocu- 
lated leaves in each of the 3 categories. Less favorable environmental con- 
ditions or chemical constituents of inocula other than those thus far tested 
may, nevertheless, justify rinsing plants after inoculation. 

Removing the growing tips of test plants did not appreciably affect the 
gradient in numbers of lesions on successive leaves ,* it tended to induce early 
appearance of secondary lesions and was discontinued. 

Reducing the supply of fluid on inoculating pads, or continuing the use 
of pads without remoistening, respited in unexpectedly early and progres- 
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give exliaiistion of infectivity. Liberal renewal of iiiociiliim proved essential 
for obtaining uniform results from successive inoculations. A fre>sliiy mois- 
tened or newly remoistened pad of cloth was generally used for inoculating 
each test plants and in some experiments the inoculating pad was remois- 
tened after inoculating each pair of successive leaves with even better results 
than were obtained when it was remoistened for each plant. 

USE OF PHYSALIS PERUVIANA IN STUDYING SOME PEO:PEBTIES 
OP THE VIRUS 

Various Species as Sources of Yirtis. By the use of Phj/salis peruviana 
to measure virus activity, production of the virus by 5 common host ])lants 
was compared quantitatively, with a view to choosing a satisfactory sonrc'C 
of virus for future experiments. Virus production in inoculated leaves 10 
days after inoculation proved greatest in Nicotiana gluiinosa L., sucei'ssively 
less in iV. taMcuMy Lycopersicon esculenttim Mill., Datura stramonium L., 
and Capsicum frutescens L. The degi^ee to which these plants differed as 
virus sources in this comparison of their unmodified expressed juices may 
be judged from the respective counts of 1683, 698, 422, 6, and 5 lesions per 
set of 6 test leaves. Juices from D. stramonium proved more infectious 
when diluted 1 : 10 with water than when not diluted ; therefore, the appar- 
ently low’- virus content of this host may be the result of a toxic effect of its 
juices on the test plant rather than an effect of slow or limited production 
of virus within its tissues. It was in this species, D. stramonium^ that a 
strain of tobacco-etch virus was first recognized in nature, by Fernow (5) 
who called it the virus of mosaic C. 

Many experiments were performed before the relative value of various 
species for virus production had been established. Nicotiana tahacum^ 
which proved to be second in virus productivity, was used as source of virus 
for all of these experiments. Some later studies requiring high titer were 
made with material from N. glutinosa, however. 

Bate of Increase in Tobacco, Measurement of virus from inoculated 
tobacco leaves and from the tops of eorresponding plants at various inter- 
vals showed that inoculated leaves were, on the whole, better sources of virus 
than systemically infected top leaves. Activity reached a maximum in. sam- 
ples from both locations about 10 days after the plants^ initial inoculation 
and then fell off, more rapidly in the systemically diseased tops than in in- 
oculated leaves. .The early increase of activity and the subsequent decline 
are shown graphically in figure 3. The phenomenon is comparable to that 
found by Boss (16) in the study of alfalfa-mosaic virus {Marmor meclica- 
ginisH.). 

Effect of Drying . Inoculated leaves of insusceptible species of plants 
proved consistently free of virus when tested after 10 days, even though 
undiluted expressed juices from diseased plants had been applied to them 
originally. This led to the supposition that the virus might not survive long 
when dried. To test this point, juices were expressed from top leaves of 
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plants of Nicotiam ghitinosa 10 clays after inoculation of lower leaves of the 
same plants. These juices were at once exposed to the air of the laboratory 
in 1 cc. amounts in shallow glass dishes. They became dry within an hour. 
Tests of infectivity w'ere made at intervals of 0, 1, 2, 3, 5, 7, and 10 days by 
resuspending the air-dried residues in the original volume of water and 
using them as inocula for plants of PMjsalis 'peruviana. The results showed 
that complete inactivation was by no means attained within 10 days, lesion 
counts from 12-leaf inoculations made at the specified times being 4563, 1656, 



from a tobacco leaf infected 10 days earlier. 

736, 578, 519, 304, and 121, respectively. A control test of freshly expressed 
juice made on the 10th day gave a corresponding lesion count of 2137, lower 
than the count indicating original infectivity but higher than any subse- 
quent measurement in the series. The lower value of the control perhaps 
reflects in part the difhculty of duplicating a sample of infective juice at or 
near maximum infectivity, and in part a gradual decrease in susceptibility 
of a set of test plants with age. The experiment shows that infectivity of 
expressed juice is gradually decreased by drying, but that a substantial in- 
fectivity still remains after a lapse of at least 10 days, a period in which the 
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virus might, under some circumstances, be transported intentionally or uiiiii- 
tentionally over considerable distances. 

It became of interest to test whether virus would survive equally well 
within dried tissues of diseased leaves. Similar source leaves were dried, 
therefore, without being crushed. The drying |)rocess required more time 
than had been needed for small juice samples. Leaves were leatliery in t(‘X~ 
ture and brittle in parts after 1 day of drying in the air of tlie laboratory, 
brittle throughout after 2 days, but continued to lose weight even after tlie 
3rd day; by the 5th day they had reached a weight that was subvsequently 
maintained. The final air-dry weight amounted to 10.0 per cent of the orig- 
inal green weight. Tests of infeetivity were made by renioistening and 
grinding the drying leaves at the intervals used in the dricHl- juice experi- 
ment. Lesion counts from 12-leaf inoculations in this series were somewhat 
lower: 3174, 122, 3, 0, 38, 31, and 9, respectively, with a corresponding con- 
trol count of 397 from a fresh-leaf sample tested on the 10th day of the 
expeinment. Again it appeared that considerable reduction of activity was 
experienced during a 10-day period of drying, but that dried diseased leaves 
remained capable of furnishing some virus for this length of time at least. 

Effect of Storage at Low Tempef^atures. Juice samples, diluted 1 : 10 
and stored at low temperatures in the presence of acid buffer solutions (pH 
range between 4.5 and 6), retained infeetivity V'Cll. A sample giving an 
original 6-leaf lesion count of 72 still was capable, after 10 days just above 
freezing temperature in a refrigerator, of giving a count of 43, and, after a 
like period just below freezing temperature in a cold-storage room, of giving 
a count of 51. Both in the chilled and in the frozen sample sedimentation 

TABLE 1. — Inactivation of severe-etch virus hy heat, Numhe7’s indicate lesions 
produced on single plants of Physalis peruviana inoculated with samples of undiluted 
juices from severe-etch tobacco plants, after the samples had been heated at various 
temperatures and for the indicated intervals of time 


Heating period 

51° 0. 

53° C. 

55° a 

57° C. 

59<5 G. 

0 min 

237 

436 

402 

311 

417 

5 

31 

14 

2 

0 

0 

10 

30 

6 

G 

0 

0 

15 '' 

27 

2 

0 

0 

0 

30 '' 

18 

0 

0 

0 

0 


occurred, leaving a clear snpernatant fluid of very low virus content ; almost 
all the surviving virns seemed to be associated with the sedimented fraction. 

Effect of Dilution. Upon water dilution of expressed juice from diseased 
plants of Nicotiana glutinosa, infeetivity for Physalis peruviana was progres- 
sively decreased. Dilutions proved weakly infective at 1 : 1000, uninfective 
at 1 : 10,000. Successive dilution of 1 : 1, 1 : 2, 1:10, 1 : 100, 1 : 1000, and 
1:10,000 gave lesion counts of 277, 98, 47, 7, 0.7, and 0 per set of 6 test 
leaves. Had a more concentrated original sample been used, the apparent 
dilution end-point might have been somewhat different from that found in 
this experiment. 
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Thermal Inaotimiion of Virus. Undiluted juice from severe-etcli to- 
bacco plants remained infectiYe after exposure for 10 minutes at a tempera- 
ture of 53° C.j but was completely inactivated by exposure for the same 
length of time at 55° C. When the time of heat treatment was extended to 
30 minutes, some iiifeetivity could be demonstrated at 51° C., though not 
at 53° C. nor at any higher temperature that was tested. These and other 
details of the results of heat treatments are shown in table 1. 

SUMMARY 

Conspicuous necrotic primary lesions were produced in leaves of Physalis 
peruviana^ under some environmental conditions, 5 to 10 days after inocula- 
tion with the severe-etch strain of tobacco-etch virus. Quantitative measure- 
ments of this virus could be made by using the number of lesions resulting 
from each inoculation as an index of the iiifeetivity of the inoculum. 

By the use of this method of measuring the virus, several plant hosts 
were compared as potential virus sources; Nicotiana ghiUnosa appeared to 
be the best among them. N, tahacum and Lycopersioon eseulentum fur- 
nished less infective extracts but were fairly satisfactory sources 10 days 
after initial inoculation. Virus activity in expressed juices of N. tahacum 
reached a maximum about 10 days after inoculation and then declined 
rapidly. 

Severe-etch virus was found capable of withstanding drying for at least 
10 days in juice samples and in diseased leaves, although in both eases there 
was a reduction of inf ectivity with increased time. It retained activity well 
for at least 10 days in acid-buffer solutions (pH 4.5 to 6) at temperatures 
just above and just below freezing. It retained some infectivity after being 
heated for 10 minutes at 53° C., but was completely inactivated in this 
length of time at 55° C. ; it was still viable to some extent after 30 minutes 
at 51° 0., but was wholly inactivated when exposed to a temperature of 
53° C. for the same period. 
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BLUEBERRY CANE CANKER 


J. B. Bemaree and Marguerite S. Wilcosi 
(Accepted for publication May 7, 1942) 

A canker disease of stems and shoots of blueberries (Vaecinium spp.) 
was j&rst observed^ in a North Carolina cultivated field in 1938. Later sur- 
veys showed the disease widely distributed in cultivated fields of the high- 
bush swamp blueberry {V. australe Small) in North Carolina and Georgia 
and in cultivated rabbit-eye blueberry {V. ashei Reed) in Alabama, Florida, 
and Mississippi. It was also found in wild V, australe in North Carolina 
and in wild growth of Y. ashei in west Florida. 

The disease is caused by a fungus of the Physalospora type that produces 
both peritheeia and 2 forms of pycnidia (macro and micro) in infected cor- 
tex tissues. It is probably indigenous to southeastern United States, as it 
has been observed in wild blueberry bushes growing not only adjacent to 
cultivated blueberry fields but in localities several miles distant from plant- 
ings. Cankers have been seen in wild bushes in North Carolina of size and 
character that would indicate infection antedating the establishment of the 
pioneer cultivated fields in the State. The older blueberry fields in North 
Carolina, nearly all of which now show more or less canker, were planted 
with nursery stock grown in New Jersey, a section where the canker is 
unknown; therefore, it is evident, that the disease, so prevalent in North 
Carolina, has spread to cultivated fields from infection foci in wild bushes. 

The rabbit-eye blueberry industry in west Florida was established 30 
years or more ago from seedling plants taken from wild growth along river 
courses of Florida and Alabama, and probably diseased plants were intro- 
duced into cultivated plantings at that time. Some canker is now present 
in most of those cultivated fields, varying from an occasional infected bush 
in some fields to as much as 50 per cent infection in others. All degrees 
of susceptibility, from near-immunity to complete susceptibility, are mani- 
fest in those seedling plantings. The primary shoots of very susceptible 
bushes show almost solid canker development from the ground line to a 
height of 3 or 4 feet. In spite of the extensive cankers, no substantial mor- 
tality of bushes has occurred, although many become weakened and make 
poor growth. 

The pathogen gains entrance through the unbroken bark, probably 
through lenticels of current-year shoots. The points of entrance become 
evident in late summer or early fall as reddish, broadly conical swellings. 
Pycnidia usually develop on the surface of these conical growths and the 
bark may or may not crack the first season (Pig. 1, A). Later symptoms 

1 The writers are indebted to Br. W. W. Biehl for assistance in identifying the fungus, 
to. Miss Edith Cash for the Latin translation of the technical diagnosis, and to Mr. G. A. 
Meckstroth for certain observations and for numerous specimens. 

2 The disease was called to the attention of the writers by Mr. C. A. Boehlert, New 
Jersey Agricultural Experiment Station, who collected specimens near Magnolia, North 
Carolina, in Beeember, 1938. 
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vary considerably, depending upon the host variety involved. The second 
year after infections occur on the varieties Cabot and Pioneer the small 
swellings lose their reddish color and conical shape, enlarge soniewliat, and 
become fissured. The fungus invades the cortex tissues in all directions 
from points of infection and this newly invaded bark tissue swells, the sur- 
face becomes uneven, resembling blisters, and turns light gray 1, B). 

The fungus not only invades the cortex and eambiuni but also penetrates 
slightly into the xylem, causing some discoloration but no extensive ne(*r()sis 


Pig. 1. Blueberry cane canker caused by Physalospora corticis. A. Early stage of 
canker infection on current yearns wood, x If. B. Active canker about 3 years old show- 
ing ‘^blister stage.’’ The surface of the bark is uneven and grayish and fissures have 
begun to appear, x li. 0. An old, deeply fissured canker, x 1. D. Typical callus for- 
mation around a shoot wound artificially inoculated with the canker fungus, x 2. 

of the wood. By the end of the second year or the beginning of the third 
the older portions of the cankers are rough, black, and deeply fissured (Pig. 
1, C ) . The result is girdling of the shoots, the parts above becoming unfruit- 
ful and finally dying. For some unexplained reason cankers first appear 
on the side of shoots directly exposed to the sunrays. This feature is well 
brought out in figure 2, A and B. 

The cortex reaction to the fungus in some other blueberrjr varieties 
studied is less pronounced than in Cabot and Pioneer. The cankers may not 
be conspicuous but, instead, may show as only slightly swollen, uneven, gray- 
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ish areas, with little or no cracking of the bark. The injury to the shoots of 
such warieties is much less severe than if cracking of the bark occurs. 


VARIETAL SUSCEPTIBILITY 

Varieties of the high-bush blueberry show considerable difference in their 
ability to resist attack by the canker fungus. The variety Cabot is doubtless 
the most susceptible and will perhaps be discarded in the South for this 


Eio. 2. A. Characteristic appearance of canker on side of a blueberry cane exposed 
to snnrays. B. Opposite side showing only scattered lesions and blisters, x 1. 0. Peri- 
thecinm of P. corticis showing immature asci surrounded by paraphysoid filaments, x 150. 
D. Pycnidium. x 150. 

reason. Other observed varieties, in descending order of apparent suscepti- 
bility, are as follows : Pioneer, Concord, June, Stanley, Jersey, Scammell, 
Pancocas, and Rubel. 

Named varieties of the rabbit-eye blueberry are mostly of recent selection 
.and all have not been subjected to severe tests for susceptibility. The varie- 
ties Black Giant, Hagood, Locke, Myers, Owens, Euby, and Scott have been 
examined for presence of cankers occurring naturally and they were found 
only on Locke. 



1942] 


Demaree and Wilcox: Blueberry Cane Canker 


1071 


THE FUNGUS 
Pycnidial Stage 

Pycnidia form in the snmmerj are sometimes abundant in the margi!) of; 
cankers, and are frec|iiently present on new shoot lesions (Fig. 1, A) near 
the termination of the first growing season after infection takes They 

are scattered, partly imbedded or superficial, black, conical to snbglobose, 
ostiolate; those measured varied from 90-208 {.,{ high, and BO-Kir) g widt‘ ( Fig. 
2, D). The majority were from 105 to 140 g by 70 to lOO lu Tiu^ pycnidial 
wall is carbonaceous, and rather thick, varying from 10 to 80 \\ wich^ The 
pycnospores (Pig. 3, G) are fusiform elliptical, and some are obtuse at the 




Fig. 3. Physalospora corticis. A. Aseus. B. Ascospores. C. Pycnospores. All 
about X 320. 

base and pointed at the opposite end. They are nonseptate, hyaline, aver- 
aging 35 p long and 9 g wide, and develop from conidiophores about 15 g 
long. Another type of spore has occasionally been observed eitlier in pye- 
nidia or in other fruiting bodies somewhat smaller than true pycnidia. 
These spore structures are rod-shape, hyaline, nonseptate, about 3 to 7 g 
long, and are produced on relatively long conidiophores. They are doubt- 
less a stage in the life history of the fungus, since they form when mycelium 
from subcultures derived from ascospores has been used to inoculate auto- 
claved corn meal. 

Peritheeial Stage 

The perithecia are produced much more abundantly than pycnidia. 
Those on the older portion of cankers are usually empty, but functioning 
ones often can be found in late summer in the more recently invaded bark 
tissues. They average about 280 g high and 200 g wide. The typical shape 
is definitely conical, and the ostioles of some are distinctly pointed and 
drawn out into short beaks 50 to 100 g long. Otherwise, the perithecia have 
about the same superficial appearance as pycnidia. 
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Perithecia contain at first white, erect, closely packed, short-celled, 
anastomosing hyphae (Pig. 2, C). Shear, Stevens, and Wilcox,^ in dis- 
cussing the character of Botrysphaeria riles and Physalospora malorum 
{ol)tusa)y considered similar filamentous perithecial structures to be a form 
of paraphyses. The asci develop from the base of the perithecium and 
push up through the hyphal mass. There are seldom more than a dozen 
asci in a perithecium, frequently only 4 to 8, separated by layers of para- 
physes (Pig. 2, C). 

The asci usually are clavate, contain 8 spores, and the wall is much 
thicker at the apex than elsewhere (Pig. 3, A). Actual liberation of asco- 
spores has not been observed, but it is not unusual in water mounts to find 
asci ruptured in a characteristic manner. These asci were broken trans- 
versely immediately below the thickened cap, and the cap was pushed 
forward a short distance by elongation of the ascus contents. The spores 
did not drift apart but retained the same outline of the ascus as though 
they were held together by a colorless gelatinous substance or a very thin 
membrane, which elongated below and was attached to the inside base of 
the ascus. 

The ascospores (Pig. 3, B) are hyaline or sometimes slightly tinted, ellip- 
soid to fusoid, and nonseptate. The size of those measured averaged 29.2 p 
long and 11.7 p wide. 

Ascospores have been observed to germinate within 30 minutes after 
being mounted in tap water. The germ tubes elongated rapidly and formed 
unbranched hyphae approximately 120 p long in 5 hours. At the end of a 
19-hour observational period the length of the primary hyphae varied from 
142 to 380 p and no branching occurred. The spores frequently germinated 
while still in unruptured asci, the germ tubes passing through the ascus wall, 
even through the thick apex, with little or no apparent retardation in rate 
of growth. 

CULTURAL CHARACTERISTICS 

On corn-meal agar the blueberry canker fungus grew rapidly, covering 
the surface of agar in an ordinary Petri dish in 6 or 7 days at a temperature 
of 25° C. The mycelium was light to dark green, septate, coarse, and 
sparsely branched. Loose felty hyphae covered the surface of the colonies. 
No form of fructification has been observed in cultures on corn-meal agar 
hut some pycnidia formed in flasks of autoclaved corn meal. 

PROOF OF PATHOGENICITY 

Pathogenicity of the Physalospora was demonstrated by inoculating 
potted blueberry plants in a greenhouse with subcultures from single asco- 
spore isolations. The ascospores were taken from typical blueberry cankers 
collected in North Carolina. 

Since spores could not readily be obtained from cultures, bits of agar 

3 Shear, G. L., Neil E. Stevens, and Marguerite S. V^ilcox. Botryosphaeria and 
Physalospora on currant and a,pple. Jour. Agr. Bes, [XJ.S] 28: 589-598. 1924. 
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containiiig mycelhun of tlie fungus were used as the inoculating material 
The iuoeiiiiim was applied to wounded and nonwounded siu*fa(*es of shoots 
of different ages^ then covered with damp cotton and wrapptul -with |)ara- 
film. The wmunding wms done by making a short longitudinal scratch in 
the bark. Uninoenlated plants, similarly treated, served as controls. 

In March and April, 1939, 54 inoculations were made on blueberry sctnl 
lings. Wounds were made for 25 of the inoculations, while 29 wen^ not 
wounded. One- and 2-year-old shoots principally were used. At the ter- 
mination of the growing season there was neither evidence of infection on 
any of the nonwounded shoots nor any clear indication of canker fcumuition 
on the wounded ones. All except 9 of the wounded shoots, liowever. pro- 
duced a callus formation around the wound, and a few Physaloi^pora j)yc- 
nidia formed in the callus tissues of some, but no swelling, unevenness, 
cracking or other signs charaeteristic of canker, known under field condi- 
tions, developed. The presence of callus growth and of pyenidia thereon 
was not considered a eiiterion of infection, and the plants were discarded. 
Plants similarly inoculated in 1940, as described below-, w^ere held over for 
observation throngh 1941, when it was found that a single growdng season 
was insuffieient time for development of definite signs of pathogenicity of 
the fungus. This suggests that the 1939 inoculated plants may have been 
discarded before there w^as time for typical symptoms to appear. 

In 1940, the work was repeated in about the same manner as the previous 
year except that plants of the very susceptible vaidety Cabot were used 
rather than seedlings. Thirty-four inoculations were made principally in 
wounded sucenlent and 1-year-oid wood. Final observations made at the 
end of the growing season showed results similar to those obtained tlie pre- 
vious season, unwuunded plants showed no evidence of infection but 
all wounded shoots made the same type of callus formation as wms noted 
in 1939. 

At the close of the growing season of 1941 the plants inoculated in the 
spring of 1940 showmd a high percentage of canker. Tliere \\em typical 
canker signs on all wounded inoculated shoots, of wdiich 11 w^re of the 
current season growth, 15 were 1 year old, and 1 w^as 2 years old w4ien 
inoculated. Of 4 nonwounded succulent shoots 1 showed canker develop- 
ment; of 3 nonwounded 1-year-old shoots all showed cankers. At the end 
of the second year the callus formation on most of the inoculated waumded 
shoots had enlarged and in a few eases had girdled the slioot (Fig. 1, I)). 
The most positive indication of the pathogenic nature of the organism used 
for the inoeulation was the extension of an infected area around the point 
of inoeulation as shown by culturing the cortex tissues, by the grayish color, 
unevenness, and cracking of the bark surface, and by the presence of peri- 
thecia and pyenidia, all being characters common in newly invaded bark 
tissues adjacent to naturally-formed cankers. Signs of the fungus invasion 
extended from 2 to 5 cm. above and below the area W'here the inoculum was 
applied. 
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IDENTITY OP THE FUNGUS 

Provided the tangled anastomosing hyphae witliin the peritheeia and 
among the asci of this blueberry canker fnngns can be considered of a para- 
physoid nature, its morphological characteristics would then place it in the 
genus Physalospora. Species of the closely related fnngns Botryosphaeria 
commonly form peritheeia in groups on a stroma. Although some stromatic 
material is mixed with the blueberry canker tissues, the peritheeia are dis- 
tinctly scattered and do not necessarily grow from stromatic tissue. 

The blueberry fungus is similar in some respects to Physalospora ohtusa. 
Both fungi have the same type of filamentous packing around the asci. Asci 
and ascospores are about the same size and shape and are similar otherwise. 
The apical portions of asci of both are considerably thickened and both 
exhibit the same peculiar method of rupturing of asci back of the thickened 
tip. The germ tube of the blueberry fungus elongates to a considerable 
length before branching, a characteristic also common for P. ohtusa. Both 
fungi produce two types of pyenospores— macro and micro. There are, 
however, clearly some differences between the 2 fungi. The mature macro- 
pycnospores of P. ohtusa are brown, while those of the blueberry fungus are 
hyaline and of a distinctly different size and shape. When grown in Petri 
dishes on corn-meal agar, under identical conditions, the apple fungus makes 
colonies twice the diameter of those of the blueberry fungus. The blueberry 
Physalospora produces perthecia more abundantly than pycnidia, while the 
pycnidial stage of P. ohtusa is the more common. Another difference be- 
tween the 2 fungi is the reaction when they are inoculated into apple fruits. 
P. ohtusa produces an extensive and rapid decay in apples followed by the 
production of Sphaeropsis pycnidia. When the blueberry canker fungus 
was inoculated into apple fruits no decay developed. Therefore, although 
the 2 fungi are similar in some respects, they are so different in others that 
they are considered to be 2 different and separate identities. 

Since the writers found no record in literature of a Physalospora patho- 
genic in any Ericaceous plant it is thought that the blueberry canker fungus 
has not been previously described and named. Since the fungus insofar as 
is known at present inhabits principally the cortical tissues of canes and 
shoots, a name to indicate that characteristic is being applied with the fol- 
lowing description : 

Physalospora corticis n. sp. 

Peritheeia mostly scattered, partly imbedded, black, globose to conical, ostiolate, about 
200-350 p, Mgh and 170 to 210 p, widej asci 8-spored, clavate, wall thick especially at the 
apex, hyaline, 112-180 p, long and 27-32 p, wide ; paraphyses erect, anastomosing, filamen- 
tous,- ascospores hyaline to slightly tinted, ellipsoid to fusoid, continuous, 24-37 p, long 
and 9.6 to 16 |x wide. 

Pycnidia scattered, black, sub-globose to conical, wall thick, 90-208 p high and 
60-165 p,^ wide. Pyenospores hyaline, non-septate, fusiform elliptical, 27-45 |li long and 
8-12 p, wide and produced on conidiospores about 15 p, long. 

Small hyaline non-septate globose to rod-shape micropycnospores about 3-7 p. long, 
sometimes present with pyenospores or in separate pycnidia. 

Parasitic in stems and shoots of blueberries {Vaccinium australe Small and V. ashei 
Eeed), causing cankers, in Alabama, Plorida, Georgia, North Carolina, and Mississippi. 

Peritheeia plerumque conspersa, partim immersa, atra, globosa vel coniea, ostiolata, 
200-350 |x^alta,JL70-210 n lata; asci octospori, elavati, tunica praesertim apice incrassata, 
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aseosponic livaliiiae vel pallide coloratae, ellipsoideae vel fiiHoideap, I'oiiliniKu*. p 

longae, 9.6-16 It latae. 

Pycnidia consiKTsa, atra, subglobosa vel eoiiien^ pariete erasso. <»»*-l***Su alia, 

165 p lata; pyciiosporae liyallnaej eoiitimia£% fusifonu-ellipticae, 11T-I5u PJ ii 

latae; e coiVnlioplioris cirea’15 p loiigis prodiietae; mier(,)pytaH>s{H>rac fiyaiiBa*-. 

tiniiae, gl(j])osae vel baeilliformes, eirea 3-7 p longaej pyenasp(»ris assiseiatae vcl 
separatis iiiterduin praesentes. 

Mall, eanenis in eaulibus Hiircnlisqiie Yaeeiiiionim prodiuMMis, in Alabama. Florida, 
Georgia, North Carolina, et Arississippi. 

A type speeinieii of the fimgiiB has been deposited in tlu^ *My<aibejioa! 
Collections of the Ihireaii of Plant Industry, V, H. Ih^partiiuuif of Aprioul- 
tnre, at Washington, 1). C., under No. 71,375. TIds speeiituui was eollecled 
in a North Carolina cultivated field of Vaeeimum ausirale, 

COHTROn 

Spraying blueberry bushes with Bordeaux mixture ami with lime» 
sulphur solution in both winter and summer has given inade<iuate contriil 
of the disease. 

Growers have attempted to hold the disease under control by pruning 
out all visible cankers, even taking out badly infected bushes, but tbi.s prac- 
tice has proved of little value, A great majority of the eonspiciuuis cankers 
can be removed, especially if they are on the secondary shoots, but it is diffi- 
cult to train workmen to recognize the more incipient stages where evidence 
of the disease is in the form of small reddish conical swellings or unevenness 
of the hark. 

The most promising lines of attack are the planting of disease-free plants 
and the use of resistant varieties. Selection of disease-free plants for trans- 
planting will not always guarantee freedom from the disease in some sonth- 
ern sections, as the wild blueberries in nearby swamps and forests are some- 
times infected and the disease may spread from them to cultivated fields. 
Therefore, at present, the best recommendations for combating blueberry 
canker is to grow only those varieties known to be resistant. Cabot and 
Pioneer are very susceptible varieties, and, if planted in the South, they 
should not be near infected fields or in localities where there is wild-blue- 
berry growth. 

SUMMARY 

This paper discusses a fungus disease of considerable economic impor- 
tance prevalent in southeastern United States, causing extensive and damag- 
ing cankers on blueberry stems and shoots. 

The disease has been observed in cultivated plantings in Ahihama, 
Florida, Georgia, Mississippi, and North Carolina, and in wild blueberry 
plants in Florida and North Carolina. Evidence indicates that the causa- 
tive fungus is indigenous on wild blueberries in the South and has spread 
from them to cultivated plantings. 

The fungus is thought to be an undescribed species of Pliysalospora and 
the name P. corticis n. sp. is proposed. 

U. S. Department OF Agriculture, 

Bureau of Plant TNnnpinnpv A mtrvTVT 


■ PHYTOMONAS POINSBTTIAB N. SP., THE CAUSE OP A 
BACTERIAL DISEASE OP POINSETTIA 

Moktimee P. Staeei and P. P. P i e o n e 2 
(Accepted for publication March 30, 1942) 

The poinsettia, Euphorhia pulcherrima^ pi'obably is the most important 
potted plant for the Christmas market. Heretofore, the most serious dis- 
ease of this plant has been a stem rot of rooted cuttings and of young plants 
caused by a species of Bhizacionia. A new and much more destructive 
disease, caused by a bacterium, has been under investigation since eJuly, 
1941. The first recorded outbreaks of this disease occurred in two widely 
separated greenhouse establishments in New Jersey during the summer of 
1941 5 by November, it was known to occur in Maryland, Pennsylvania and 
New York. Preliminary studies of this disease were made by the junior 
author and his assistant (7) who also first isolated the bacterium herein con- 
clusively proved to be the specific etiological agent. 

DESCRIPTION OP THE DISEASE 

Symptoms are readily visible in all above-ground plant parts. Longi- 
tudinal, water-soaked streaks, usually on one side of green stems, are the 
most characteristic symptoms. Such streaks may continue up through the 
leaf petioles, resulting in spotting or blotching of the leaves and in complete 
defoliation. The streaking may continue downward into the woody stem, 
detectable only by a bark incision. A yellowing of the cortex and browning 
of the vascular system is revealed when the epidermis is removed above the 
water-soaked lesions on green stems. In advanced stages, the stems crack 
open in a very unsightly manner, and bend down sharply towards the 
unaffected side. 

Glistening, golden-brown masses of bacteria occasionally ooze from the 
ruptured stems and from leaf lesions. Microscopic sections of invaded 
stems show bacteria in profusion in the phloem. 

Cuttings obtained from infected stock plants fail to develop into desir- 
able plants. In one greenhouse these, as well as the stock plants, were a 
total loss within a month after the disease was first observed. 

ISOLATION AND PROOF OP PATHOGENICITY OP THE CAUSAL ORGANISM 

The causal organism was first isolated by the junior writer from diseased 
stock plants on July 25, 1941. The surface of young green stems showing 
typical longitudinal streaks was wiped with 95 per cent alcohol and the 
epidermis peeled off. Dilution plates prepared from the yellowed cortical 
tissues thus exposed yielded a single kind of bacterial colony. Early in 
August, isolates from these plates were inoculated by means of needle pricks 

^ Bacteriological Laboratory, Brooklyn. College, Brooklyn, New York. Contribution 
47 from the Department of Biology. 

2 Agricultural Experiment Station, New Brunswick, New Jersey. 
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into 12 young slioots on 4 vigorous plants just above the leaf axils, Witliin 
3 weeks unmistakable lesions appeared on the stems. In some instances 
these had progressed sufficiently to involve the leaves and stem tips above 
the inoculated areas. Within 5 weeks after inoeuiation, the stems cracked 
open and the exposed tissues became browm and dry in much the same way 
as the naturally infected stems. Control plants receiving only needle pricks 
and sterile nutrient broth remained healthy throughout the course of the 
work. Bacteria, reisolated from these artificially infected plants, were 
morphologically similar to those inoculated. 

Two of the original isolates (CP 1 and CP 2)^^ w^ere sent to W. H. Burk- 
holder, Cornell University, who, on September 5, 1941, succeeded in causing 
typical symptoms by needie-pricldng the yonng stems of potted poinsettias 
with these two isolates, Uninoeulated, but wounded, controls remained 
healthy. Bacteria (CP 3 and CP 5),^ morphologically similar to those 
inoculated, were isolated November 25, 1941, by the senior winter from 
lesions of these artificially infected plants. 

On October 15, 1941, the senior writer isolated similar bacteria (CP 13 
and CP 14)'^ from lesions of a naturally infected diseased poinsettia that 
had been forwarded by W. H. Burkholder. Ten isolates from this plant 
were inoculated into wounds made with the tip of a sharp, sterilized scalpel 
on the young stems and petioles of 10 healthy poinsettias. Characteristic 
symptoms appeared about the sites of inoculation on all 10 plants within 4 
weeks,* within 6 weeks, the stems had cracked open. Bacteria (CP 20 and 
CP 21)^^ resembling those that had been applied as inoculum were . isolated 
from the advancing margins of the lesions from 3 to 20 weeks after inocula- 
tion. Wonnded, noninoeulated control plants remained healthy throughout 
these experiments. 

Another series of isolations (CP 27, 31, 35, 37, 39 and 41)^ was made 
by the junior writer on November 10, 1941, from diseased stock plants 
originally obtained from the greenhouse, where the disease was first noted 
in July, but had been held over in the inteidm in both the plant pathology 
and ornamental horticulture greenhouses at New Brunswick. Isolations 
were attempted from 16 stems on 6 stock plants nearly 4 months after these 
plants first showed typical symptoms. These were made from brown longi- 
tudinal streaks beneath nnruptured stems, from brown subsurface lesions, 
just beyond the ruptured stem areas, and from deep discolored lesions 
originating at stem ruptures. In nearly all cases, a species of bacterium, 
morphologically resembling that obtained in the original isolations was 
recovered. Three isolates were inoculated November 17, 1941, ou 6 stems 
in a manner similar to that already described. Well-defined lesions did not 
appear on these stems until 5 weeks after inoculation. The delay in appear- 
ance of symptoms may have been due to the lower greenhouse temperatures 
prevailing at that time. Adequate controls 'remained healthy. Bacteria 
similar to those inoculated were isolated from typical lesions. 

3 The isolates designated in parentheses are the 14 upon 'which is based the following 
description of the pathogen. 
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CONTROL SUGGESTIONS 

It is suggested that stock plants known to harbor the iiathogen be dis- 
carded, even tliongh the new shoots used for propagation appear normal 
Booted enttings and young plants obtained from questionable sources slionld 
be kept separate from those known to come from healthy stock. Overhead 
watering and syringing should be minimized to avoid spreading the bacteria, 
which ooze from infected stems and leaves. It may be of interest to note 
that healthy plants were grown successfully in the greenhouse involved in 
the July 25tli outbreak, following complete removal and burning of* all dis- 
eased plants, steam sterilization of the soil and disinfection of the benches, 
pots and other greenhouse apparatus. It is not definitely known whether 
these measures were entirely responsible for the apparent control. 

DESCRIPTION OP THE PATHOGEN 

A representative group of isolates'^ from naturally and artificially in- 
fected poinsettias was studied in detail by the senior writer. The technique 
used in this study is that described in the Manual of Methods for Parc Cul- 
hire Study of Bacteria (9) and in the Manual of Dehydrated Culture Media 
and Reagents (4) . Where the procedure used is not exactly as described in 
these publications, appropriate particulars of the teehnique are given or 
other sources are cited. 

Except where indicated otherwise, incubation of cultures was eariied out 
at 27^ C. The names of colors used in the descriptions follow those sug- 
gested by Eidgway (8). In all cases, 14 isolates^ were studied simul- 
taneously and, unless stated otherwise, identical reactions were obtained for 
all the isolates. 

Morphology and Staining Eeactions 

Highly pleomorpliie : straight rods, comma-shape, curved, coceoid, clavate, wedge- 
shape, and bizarre involution forms, occurring singly and in palisade arrangement. Barred 
and granule-bearing forms common. Endospores not formed. Capsules formed in some 
sugar-containing media. Motile by one, rarely two, polar or lateral flagellum. Size very 
variable: 0. 2-0.8 x 0. 5-8.5 p,, averaging 0.3-0.6 x 1.0-3. 0 p,. Gram-positive, becoming 
Gram-variable, as shown by Hueker^s modiflcation of Gram’s stain. The Gram-negative 
cells in old cultures often contain Gram-positive granules; these granules are also disclosed 
by staining with Loeffler’s alkaline methylene blue. Not acid-fast by the Ziehl-Nielsen 
method. Stained readily by carbol-fuchsin and malachite-green. Cells are not stained by 
Congo red or nigrosin. Flagella of cells grown on moist beef extract agar slants of 
pH 6.9 are stained easily by Gray’s method. 

Cultural Characteristics 

Colonies on Beef-extract Agar (0.3 per cent beef extract, 0.5 per cent peptone, 1.5 per 
cent agar; pH 6.9). Surface colonies are round, slightly convex, ranging from 0.1 to 1.0 
mm. and averaging 0.2 to 0.5 mm. in diameter; deep colonies are ellipsoidal. Amorphous or 
finely granular structure detectable at a magnification of 440 x ; edges are entire at 100 x. 
Smooth, non-viscid, moist, colorless, almost transparent. 

Colonies on Botato-dextrose Agar (Bacto; pH 5.6). Surface colonies are round, 
slightly convex, ranging from 0.5 to 4.0 mm. in diameter; deep colonies are ellipsoidal, 
0. 1-0. 3 X 0.3-0. 8 mm. Finely granular structure evident at 440 x; edges entire at 100 x,. 
Smooth, glistening, non-viscid, mucoid, moist, salmon color becoming ochraeeous salmon. 

Colonies on Tryptose-phosphate Agar (Bacto tryptose phosphate broth plus 1.5 per 

4 See footnote 3. 
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eent agnr; jiTI 7.3). Surface colonies are round, convex, 4 inm. or more in diameter; deep 
colonies ai'c e]lix>a()idal averaging 0.4 x 1.5 mm. Finely granular structure visible at 440 X; 
edges entire <‘it 100 x. Glistening, smooth, mucoid, moist, frequently becoming very viscid, 
carrot-red or llesh e(>h)r; deep colonies are colorless. 

Colonies on IJIoocl Agar (Bacto-blood agar base plus 5 per cent sterile, defibrinated 
rabbit blood; [)TT 0.9). Surface colonies round, convex, under 1 mm. in diameter. Struc- 
ture amorphous at 440 x; edges entire at 100 x. Glistening, moist, slightly viscid, white 
or pale-salmon. No visible action on blood. 

Colonies on. Tellurite-blood Agar (Bacto-dextrose'X:>rotcose Xo. 3 agar ])las 5, 8 or 
10 per cent bacto-tidlnrite-blood solution; i)H 7.4). Surface colonies round, convex, 0.3 
to 2.5 nun. in dianuder. Amoriihous strueture, entire edges, smooth, glistening. I^ight to 
de(‘}> lumtral-gray, rarely ])ale or pallid neutral-gray. Tellurite reduced. 

Beef’CXiract Agar Slants (pH 6.9). Scanty, filiform, glistening, non-viscid, colorless, 
almost transparent. 

Potato-dextrose Agar Sla.nts, (Bacto; 5.6), Moderate, filiform, glistening, non- 
viscid, salmon or flesh color. 

Trgptose-phosphate Agar Slants (Baeto-tryptose-phosphate broth plus 1.5 per cent 
agar; pTI 7.3). Abundant, filiform, later spreading, raised, glistening, mucoid, often 
becoming extiamiely viscid, orange-pink to geranium-pink. 

Potato Slants. Abundant, spreading, not raised, glistening, moist, becoming butyrons 
or somewhat viscid, orange, Mikado orange, deep chrome- or capucine-yellow. Potato 
distinctly In-owned in ten days. 

Loe)j!rr's Blood-serum Slants (Bacto; 7.2). Moderate, filiform or spreading, 
glistening, non-viscid, carnelian-red. Medium liquefied in 3 to 10 days. 

Agar-shakr Cultures (2 per cent tryptose, 0.5 per cent yeast extract, 1.5 per cent 
agar). Growth only under distinctly aerobic conditions in upper 1 to 2 imn. 

TMogly collate Broth (BBL thioglyeollate medium (1) with dextrose and Eh in- 
dicator; pH 7.4). Floeculent irelliele and dense, viscid growth in upper 2 or 3 mm. and 
no trace of growth in anaerobic medium below, thus indicating a distinct partiality for 
aerobic conditions. 

Litmus MilB (pH 7.0). Only very slight acidity or no visible change for 1 to 2 
weeks after inoculation ; then, soft coagulation, reduction of litmus, followed by a rapid, 
complete peptonization. 

Lead Acetate Agar (Bacto; i)H 6.6). Moderate auburn surface growth, extending 1 
to 2 cm. along line of stab as a scanty beaded growth. Medium not browned, except 
slightly after 3 or 4 weeks; it is questionable whether this slow, scanty browning should 
be interpreted as a definite production of hydrogen sulphide, especially since hydrogen 
sulphide cannot be demonstrated by means of lead acetate paper suspended in tryptone- 
broth cultures, even after 10 weeks ^ incubation. 

Beef-extract Broth (0.3 per cent beef extract; 0.5 per cent peptone; pH 6.9). Turbid 
within 24 hours, later viscid, pale-salmon sediment; no pellicle or ring formed. 

Trgptose-phosphate Broth (Bacto; pH 7.3). Turbid within 24 hours, later, abimdant 
flesh-pink, viscid sediment; sometimes, ring and pellicle. 

Tryptone JVatcr (1 x>er cent Bacto tryptone; pH 7.0). Turbid within 24 hours, later, 
viscid sediment; no pellicle or ring. 

Pange of Temperatures for Growth. Active cultures were transferred to small tubes 
of Baeto-tryptose phosphate broth of pH 7.3 X->revlously brought to the given temperature, 
incubated there, and examined daily for the deflnite turbidity that indicates growth. 
After 24 hours, growth occurs between 15 and 36° C. and, after 48 hours, between 7 and 
12° 0. Ho growth after a week from 0.5 to 5° G. or from 37 to 50° 0. 

Carbon Metabolism 

T7iili^atio7i of Sodium Citrate as Sole Carbon Source. Koser^s citrate medium 
(Bacto ; pTI 6.7) does not support growth. 

Utilisation of Glucose as Sole Carbon Source. A synthetic medium consisting of 
0.1 per cent NHiHJ^ 04 , 0.02 per cent KGl, 0.02 per cent MgS 04 - 7 H 20 , 1.0 per cent 
glucose, pH 6.4, does not support growth, even after 8 weeks. 

yiefion on Cottonseed OiL Ho lipolytic activity revealed by spirit-blue cottonseed- 
oil-agar technique (10,11). 

Voges-Proslcaucr and Methyl-red Tests MM.-Y.P. medium; pH 6.9). Ho 

acetylraetliylcarbinol can be demonstrated in 72-h.our-old cultures by the ’Werkman (12) 
procedure. Methyl-red test is also negative. 

Sugar Fermentations. The ability to ferment carboliydrates, alcohols, and glycosides 
was determined by means of Durham tubes with a medium consisting of 0.3 i)er cent 
yeast extract, 0.5 per cent peptone, 0.5 or 1.0 per cent of the sugar, pH 7.5, with either 
*1 per cent Andrade’s indicator or 0.0018 per cent phenol red to demonstrate acid produc- 
tion. As is indicated below, acid is produced from many sugars ; gas is not formed. 
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No acid pxodueed after three weeks: Eliamiiose,5 fucose,® imilin,s glycogen, s man- 
nitol, ^ duleitol,^'^ sorbitol^ inositoN (except isolates CP 27, 31, and 41, wliicli ferment inos- 
itol slowly). 

Weak, slow acid production: Arabinoses (9 days), xylose"» (9 days), lactose® (2 to 
3 weeks ; acid production from lactose cannot be demonstrated, even after 6 weeks, when 
Andrade indicator is used), trehalose® (12 days), dextrin® (8 days), adonitol® (9 days). 

Moderate to abundant acid production within 5 days: Glucose® (wdien Andrade’s 
indicator is used, there is demonstrable only a slow and variable production of acid from 
glucose), fructose,® mannose,® galactose,® sucrose,® maltose,® cellobiose,® melibiose,® raf- 
finose,® glycerol,® erythritol,® salicin,® amygdalin.® 

Hydrolysis of Starch (0.3 per cent yeast extract, 0.5 per cent tryptone, 0.5 per cent 
soluble” starch). Complete hydrolysis after 11 days, but not after 4 days, as shown 
when portions of the cultures are tested with LugoPs iodine solution on a spot plate. 

Action on Cellulose, No visible action on strips of hlter paper immersed in beef- 
extract broth cultures for 8 weeks. 

Nitrogen Metabolism 

Indole FroduoHon. No indole formed in 1 per cent Bacto tryptone of pH 7.0 after 
3, 6, 9 or 15 days, as determined by the Ehrlich-Bobme procedure. 

deduction of Nitrates. No reduction of 0.1 per cent NaNO., in beef -extract broth of 
pH 7.0 in six days, as shown by the sulphanilie acid-a-naphthylamine test. 

Urea Hydrolysis. No hydrolysis of a 1 per cent aqueous-urea solution by heavy sus- 
pensions of "3-day-old cells during an incubation of 5 hotirs at 37® C., as determined by a 
negative Nessler test for ammonia. This procedure can demonstrate ureolysis by Bacillus 
pasteurii and ureolytie micrococci after an incubation period of only 1 hour at 37° 0.7 

Utilimtion of Uric Add as Sole Nitrogen Source. Koser’s uric acid-glycerol medium 
(6) does not support growth. 

Utilization of Asparagm as Sole Source of Both Carhon and Nitrogen. A syn- 
thetic medium consisting of 0.1 per cent KH2PO4, 0.02 per cent KGl, 0.02 per cent MgS04 
• 7H2O, 0.5 per cent asparagin, pH 6.4, does not support growth. 

Action on Gelatin (0.3 per cent beef extract, 0.5 per cent peptone, 12 per cent Bacto 
gelatinj pH 6.6). Definite crateriform liquefaction in 3 days at 23° 0.; later, stratiform 
liquefaction extending down 2 to 4 cm in 2 weeks at 23° 0. 

Hydrolysis of Sodium Hippurate (0.3 per cent yeast extract, 0.5 per cent tryptone, 
0.5 per cent sodium hippurate). After 7 days’ growth, benzoic acid was sought by adding 
either 1 volume of 7 per cent FeClg or of 50 per cent H2SO4 to 4 volumes of culture and 
looking for a precipitate of ferric benzoate or of benzoic acid, respectively. No hydrolysis 
of sodium hippurate is demonstrated by this technique, although a known hippurate-split- 
ting species. Streptococcus agalactiae, does bring about demonstrable hydrolysis. 

TAXONOMY OF THE PATHOGEN 

The moHOtrichie phytopathogenie bacteria are now included in the genus 
Phytomonas Bergey et al. The poinsettia pathogen, described above, is 
unlike any now included in that genus in the fifth edition of Bergey^s 
Manual of Determinative Bacteriology (2) ,* hence, the name Phytomonas 
poinsettiae n. sp., is proposed. 

Burkholder (2, 3) and others have discussed the heterogeneous nature 
of the genus Phytomonas Bergey et al., and have shown that, actually, it 
consists of several unrelated groups of bacteria. It seems likely, on the basis 
of characteristic morphological and cultural properties, that this poinsettia 
pathogen is closely related to those Gram-positive, phytopathogenie bacteria, 
now (2) in Appendix II of the genus Phytomonas Bevgej et al.y some of 
which have been more correctly included (5, 8a, 11) in the genus Gorynelac- 
terium Lehmann and Neumann. When the latter genus is emended to 
include motile forms, this species might be included as Caryne'bacterium 
poinsettiae. 

5 Andrade ’s fucbsin indicator was used for demonstrating acid production, 

6 Phenol red was used for indicating production of acid. 

7 Starr, Mortimer P. Unpublished observations, 1940. 
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summary 

A serious disease of the poinsettia, Euphorbia pulcherrima, is described. 
A baeteritim, proved beyond all question to be the specific etiological agent 
of this disease, is described in detail. Since the causal agent is different 
from all previously reported species of phytopathogenie bacteria, the name 
Phytomonas poinsettiae n. sp., is proposed for this pathogen, and it is 
recommended that this species be included in the Corynehactermm group of 
plant pathogenic bacteria. 
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BORON DEFICIENCY IN PEAR TREES 

J. B. Kienholz 
(Accepted for publication May 1 , 1942) 

Boron has been applied to pear orchards in an attempt to correct various 
troubles of the fruit and tree. A cracking and dieback of pear in New South 
’Wales (1, 2) has been corrected by soil applications of borax. Noble (10) 
reports a blossom and twig blight in the same eountry, w}u('li appeared to 
be associated with boron deficiency. A roughening and cracking of Bose 
pears responded to boron treatments in Tasmania (3), but it was pointed 
out that ‘‘crinkle’’ was not affected by the treatment. MeLarty (9) illus- 
trated boron deficiency symptoms on unnamed pear varieties in British 
Columbia, but Eastham (6) reported that drought spot of Bose pears was 
unaffected by boron applications in the western part of the Province. One 
report from Washington (13) suggested that the incidence of a hard end 
and cork-spot complex of Anjou and Bartlett pears may have been reduced 
by boron treatments. 

BORON TREATMENTS ON PEAR TREES IN OREGON 

A type of pitting on Bose pear fruits was noticed in 1937 at Hood River, 
Oregon. The pitting differed from that caused by the stony-pit virus (8), 
although the two were often associated on the same tree. Following 1937, 
the Bose trouble increased in severity; fruit cracking appeared, less leaf sur- 
face developed, production decreased, and considerable dieback was evident 
by 1940. A similar trouble on Bartlett pears also was seen in 1937, but, 
following boron applications to this orchard by the grower, the trouble did 
not reappear. The same malady was again found on this variety in a small 
irrigated orchard at The Dalles, Oregon, in 1938, and at Hood River in 1941. 

In 1940 a small uniform block of Bartlett pear trees was selected at The - 
Dalles for boron treatment. These trees were approximately 12 years of 
age, and had produced only pitted fruits in 1939. Twelve ounces of granu- 
lar borax was applied to the soil about the trees on February 9, 1940. Fruit 
failed to set in 1940 because of a lack of proper pollination and late frosts. 
The effect of the treatment was apparent in the 1941 crop, however, and 
results as recorded on August 6 of that year are given in table 1. 

It will be observed (Table 1) that boron corrected the pitted condition 
of the fruit. The higher average yield per tree of the treated trees appeared 
to be caused by elimination of a blighting of blossoms prevalent in the plot 
of untreated trees. 

Individual trees of the Bose variety at the Hood River Experiment Sta- 
tion were selected for treatment in 1941. The trees were of different ages 
and located in various parts of the pear orchard. It had be^n observed in 
previous years that they produced pitted or cracked fruits and that dieback 
of the twigs had developed on several of them. One pound of granular 
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TABLE 1. — Effect of 'boron applications on Bartlett pear pitting 


Type of treatment 

Trees in 
plot 

Sound fruits 
1941 1 

Pitted fruits 
1941 

Average fruits 
per tree, 1941 


Number 

Number 

Number 

Number 

Cheeks — no boron 

12 oz. borax per tree, 

10 

201 

472 

67.3 

Peb. 9, 1940 

14 

1255 

0 

89.6 


borax was applied to the soil about each tree on March 7, 1941. The amount 
of pitted fruit produced the season before and the season iininediately after 
treatment is shown in table 2. 


TABLE 2.^ — Effect of boron applications on Bose pear pitting and cracMng ' » 



Trees in 
plot 

1940 

1941 

Average fruits 
per tree, 1941 

Type of treatment 

Sound 

fruits 

Pitted 1 
fruits 

Sound 

fruits 

Pitted 

fruits 


Number 

Number 

Number 

Number 

Number 

Number 

Check trees — no boron 

1 lb. borax per tree. 

6 

1186 

115 

1652 

327a 

330 

Mar. 7, 1941 

1 8 

i 

220 

942 

3424 

0 

428 


a Eecords taken Sept. 1, 1941. 


It is evident that boron applications eliminated the fruit pitting. Half 
of the treated Bose trees bore fruit with stony-pit symptoms both before and 
after treatment, thus substantiating former experience that stony pit is not 
responsive to boron treatments (8). 

SYMPTOMS OP BORON DEFICIENCY ON BOSC AND BARTLETT PEARS 

Observations during the past 5 years indicate that pear trees are less 
sensitive to boron deficiency than most apple varieties. Prom the limited 
material available for observation it also appears that more variation in the 
symptoms may be expected among pear varieties. Of the 3 leading com- 
mercial varieties grown in Oregon, the susceptibility to boron deficiency 
in descending order appears to be : 1. Bose, 2. Bartlett, and 3. Anjou. The 
specific symptoms of the deficiency on the first 2 varieties may be summarized 
as follows : 

On the Fruit. Cirealar to angular, blunt bottomed, sliallow depressions (4-10 mm. 
in diameter by 2 mm. or less in depth) may be present on the fruit surface. They are 
more abundant toward the calyx end and often merge into an extended area resembling 
certain forms of the hard- or black-end disease. The color of the pitted surface and of 
the tissue within and immediately surrounding each pit, often remains darker green than 
adjacent tissue. A small central core of corky tissue undeidies each depression and tissue 
adjacent to this cork rapidly becomes brown upon exposure to air. 

The calyx region may be pointed, sunken, or somewhat lopsided, but usually has the 
general appearance of the disease known as hard end. (This feature is less evident in the 
Bose variety.) The calyx tissue is invariably hard when cut. Masses of browm, corky 
cells are generally present under the calyx lobes and may extend well into the core area. 
Mild to severe cracking of the fruit may accompany the shallow pitting of Bose pears. 
The form of the pits and the corky calyx region serve to distinguish this trouble from most 
other t;j^es of pitting found on pear fruits (Eig. 1). 
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Pig. 1. Boron deficiency symptoms on Bartlett pear fruits (A) and Bose pear fruits (B). 

On the Tree. Irregular, superficial, dark or light colored bark cankers with slightly 
raised, uneven borders may appear on younger branches. These borders tend to give a 
somewhat fiattened appearance to the affected parts. Fewer basal leaves develop on dis- 
eased twigs; eventually 1 or 2 sets of terminal, dwarfed leaves may form the total leaf 
surface. A dieback of the twigs follows and the tree gradually dies, unless the deficiency 
is corrected. Symptoms on the tree may develop without fruit symptoms, or only poorly 
defined symptoms may accompany the fruit pitting. 

STONY PIT IN RELATION TO BORON 

More experience is needed to distingnisli between the true boron-defi- 
cieney and stony-pit symptoms on different pear varieties. Cork or crinkle 
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of pears failed to respond to boron treatments in Tasmania (5), but a rough- 
ened and cracked eoiidition of the fruits was corrected (3). Since stony pit 
is known to occur in British Columbia on Bose pears, Bastham (6) may have 
been dealing with the virus trouble. Stony pit often is called drought spot 
by fruit growers. An illustration of the internal cork, bitter pit, and crinkle 
of Bose ])ears as tliey occur in Australasia (4, Pig. 4) leaves little doubt that 
they are in realit}^ stoiiy pit. The varieties listed as susceptible to cork by 
Came and iMartin (5) are of interest also, since several of them have been 
found to be susceptible to stony pit in Oregon. Bartlett has been proved to 
be a symptomless carrier of the stony pit virus at Hood River, 

Insulficient material of Anjou pears showing boron-deficiency symptoms 
lias been examined by the writer to distinguish boron deficiency with cer- 
tainty from stony pit. Prom the limited material observed, however, it 
appears that fruit symptoms for both troubles may be quite similar, and 
this may be true for other varieties, as well. Sufficient evidence has accumu- 
lated to warrant the statement that boron has no direct influence in correct- 
ing the stony pit disease. Since stony pit symptoms may become partly 
masked, or vary in intensity during different seasons on the same tree, suffi- 
cient trees should be observed to evaluate the variation in these symptoms. 

BLACK end and BORON TREATMENTS 

The disease of pears commonly knowui as hard end or black end is usually 
attributed to the grafting of commercial varieties on oriental rootstocks (7). 
A report from Washington (13) suggested that boron treatments may have 
reduced the incidence of this and a cork spot of Anjou and Bartlett pears. 
The symptoms of cork or drought spot in Anjou pears w^ere previously 
described from Washington (11, 12). They bear some similarity to those of 
stony pit as it has been, observed on Anjou pears in Washington and Oregon. 

There is some evidence that several hard-end or pit conditions of iin- 
knowm origin may appear in pear fruits. Some of these may occasionally 
respond to boron treatments. The types of hard- or black-end attributed to 
stock and cion relations, however, have not been corrected with boron appli- 
cations. A w^ell kept Anjou orchard that had produced considerable worth- 
less fruit affected W'ith black end in past years w^as selected for treatment at 
Hood River. The trees were over 25 years of age, remarkably uniform in 
appearance, and on Pyrus serotina rootstocks. Besides the 3 test plots, an 
additional 5-aere tract treated by the growler wms kept under observation. 
The experimental plots consisted of check trees left untreated, trees sprayed 
wdth borax (25 pounds in 300 gallons of water) at the delayed dormant 
period, and trees that received borax as a soil application in early spring. 
The results of these treatments are given in table 3. 

The fruit was severely affected by black end in 1938, only slightly affected 
in 1939, and moderately so in 1940. Develoinnent of black end wms not cor- 
related with boron treatments, and varied considerably from year to year. 
Analyses of selected terminal leaves indicate that boron passed from the 
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TABLE 3 . — Effect of boron treatments on blacJs end of Anjou pears 


Type of treatment 
1939 

Trees in 
plot ' 

Black end infected fruit 

^ 1 

Boron in leaves, 
August 1939a 

1938 

1939 

1940 


Number 

JPer cent 

Per cent 

Per cent 

p.p.m. 

Check trees— -no boron ... ’ 

27 

100 

1.7 

90 

20.4 ■ 

1 lb. borax per tree on 






soil, Mar. 7 

11 

100 

1.8 

95.9 

31.3 

Borax spray — (25-300) 






on trees, Mar. 24 , 

24 

100 

1.5 

96.2 

27.7 


a Analyses by L. P. Batjer. Dr. Batjer stated that greater differences probably 
eonld be expected from analyses of fruit samples. 


roots to the terminals through the cion unions on these trees growing on 
roots of a species known to be associated with the black end condition. 


SUMMARY 

Boron applications to pear trees corrected a condition characterized by 
pitting of fruits, especially near the calyx end, and by superficial cankers 
on younger branches. A dieback of twigs follows, and the tree gradually 
dies, unless the deficiency is corrected. 

The symptoms of boron deficiency on fruit are similar to those of stony 
pit, a virus disease. 

It is suggested that the disease of pear variously termed crinkle, bitter 
pit, and internal cork in Australasia is the same as stony pit. 

The black end of pear fruits, attributed to stock and cion relations, was 
not corrected by applications of boron. 
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VARIATION IN REACTION OP ANTHONY OATS TO STEM 
RUST, PUCCINIA GRAMINIS AVENAE" 

Ian W. Tervet and Helen Hart 
(Aeeeptecl for publication April 28, 1942) 

In July, 1939, numerous large pustules of stem rust, Piiccinia graminis 
menae Eriks, and Henn., appeared on a considerable number of plants of 
the resistant oat variety Anthony growing in test plots at the Crookston, 
Minnesota, Agrieiiltiiral Experiment Station and in adjacent commercial 
jSelds. The same situation developed at Crookston in 1940, although there 
was veiy little stem rust on Anthony at the Waseca, Morris, Grand Rapids, 
and St. Paul stations. Anthony is no longer of commercial importance in 
Minnesota ; but, since this variety has long been moderately to highly resis- 
tant to stem rust, it seemed desirable to ascertain whether a new physiologic 
race of P. grammis avenae had appeared or whether the unusual develop- 
ment of rust might have been due to the effects of extraordinary weather or 
soil conditions or to varietal mixture in the oats. 

All rust collections made from susceptible plants were identified by Wm. 
Q. Loegering^ as Puccinia grammis auewae, race 5, to which Anthony always 
has been resistant as indicated by the production of small uredia surrounded 
by pronounced chlorotic or necrotic areas.^ As the race 5 was consistently 
isolated from large nredia on susceptible plants, and as it is one of the races 
of oat stem rust most prevalent in the Mississippi Valley, it was clear that 
no new race was involved. 

It seemed improbable that the susceptibility of Anthony at Crookston 
could have been due to ordinary varietal mixtures because the seedlots used 
for that station and the other stations previously mentioned had all been 
supplied by the central station at St. Paul. Samples of the rusted plants 
from Orookston were examined by H. K. Wilson, Division of Agronomy, 
University of Minnesota, who considered them Anthony plants on their gross 
morphological characters. Since the rust-susceptible plants were morpho- 
logically indistinguishable from the rust-resistant ones, it seemed possible 
that the nnnsnal soil or climatic factors might have predisposed plants to 
rust. 

To test the effect of meteorological conditions, seedlings of Anthony, 
grown from the 1939 seed loP of University Farm and the same that was 
sent to Crookston for planting in 1940, were inoculated with race 5 of Puc- 

1 Assistance in the preparation of these materials was furnished by the personnel of 
the Work Projects Administration, Official Project No. 165-71-1-124, sponsored by the 
University of Minnesota. Paper No. 1990, the Scientific Journal Series, Minnesota Agri- 
cultural Experiment Station. 

2 Agent, Bureau of Entomology and Plant Quarantine, United States Department of 
Agriculture. 

3 Levine, M. N., and D. 0. Smith. Comparative reaction of oat varieties in the seed- 
ling and maturing stages to physiologic races of JPuceinia graminis ave7iaej and the distri- 
bution of these races in the United States. Jour. Agr. Ees. [U. S.] 55: 713-729. 1937, 

^ Seed lot supplied by H. K. Wilson, Division of Agronomy, University of Minnesota. 
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cinia grainini^i avenae under varying eoiiditioiis of light, temperature, 
atiiiospberie moisture, and soil moisture; but tliere were no eonsistent differ- 
ences in rust development under the various conditions. Oceasional plants, 
however, became heavily rusted in all the tests. The tests were repeated 
several times, with the same results: there was no association between par- 
ticular environmental conditions and the number of abundantly infected 
plants. The number of susceptible Anthony plants ])i-odu(UHl by seed lots 
grown at the several experiment stations of the University oi* .Minnesota, 
however, varied somewdiat. In one experiment, of 20 seedlings from seed 
grown at Waseca in 1938, 15 plants were susceptible and only 5 resistant. 
Seed lots from other branch stations, nevertheless, did not prodiiee so many 
susceptible plants; and of a total of 550 seedlings inoculated, only 16 per 
cent were susceptible. 

Because of the lack of positive information from the greenhouse tests 
and because susceptible plants of Anthony \vere found in the field only at 

Diagram 1. The arrangement of fertilizer plots for Anthony oats at Croolcston and at 

St, Faulj Minnesota, in 1941 


Phosphate 

Boron 

Phosphate 

Phosphate 

Manganese 

Phosphate 

Zine 

Phosphate 

Phosphate 

Boron 

Manganese 

Zinc 

Boron 

No treatment 
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No treatment 
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Manganese 

Zinc 

Phosphate 

Potash 

Boron 

Phosphate 

Potash 

Phosphate 

Potash 

Manganese 

Phosphate 

Potash 

Zine 

Phosphate 

Potash 

Phosphate 

Potash 

Boron 

Manganese 

Zinc 


Crookston, experiments on the possible effect of fertilizers were made at 
Crookston and St. Paul in 1941. The trial plots included fertilizer treat- 
ments with treble superphosphate at 100 lb. an acre, treble superphosphate 
at 100 lb. an acre plus potash at the same rate, and 3 minor-element treat- 
ments with boron at 15 lb., manganese at 25 lb., and zinc at 25 lb. an acre. 
Plots were arranged as in diagram 1, treatments being made separately and 
also as combinations of fertilizers and minor elements. 

So little stem rust, only 5 per cent, developed in Crookston plots in 1941 
that no differences were observable. At St. Paul 15 per cent stem rust 
developed, but there were no differences either in plant development or in 
stem-rust infection in the different plots. However, about 15 per cent of 
the plants were severely rusted (50 to 60 per cent) at St. Paul and between 
10 and 15 per cent in the plots at Crookston; and, again, race 5 ot Pticoinm 
graminis ave^me was identified from 4 collections from the St. Paul plots 
and 2 collections from the Crookston plots. The susceptible plants at St. 
Paul were examined by H. K. Wilson, Division of Agronomy, University of 
Minnesota, who considered them indistinguishable from Anthony. 



1942] Tervet and Hart: Reaction op Oats to Stem Rust 


1089 


Siiseeptible and resistant seedlings of Anthony that had been inoenlatecl 
with race 5 in the greenhouse were transplanted to the field and grown to 
maturity. The seedling reaction (Fig. 1) was maintained in the adult 
plants, the susceptible seedlings giving rise to plants with numerous large 
pustules, the resistant seedlings to plants wuth small iiredia and indications 
of necrosis. There was 50 per cent rust on the susceptible plants. 

Seed was saved from susceptible and resistant plants in the above tests 
and, similarly, fi*om susceptible and resistant plants in the fertilizer tests. 
Seedlings grown from this seed were inoculated in the greenhouse with race 5 
of Puccinla graminis avenae collected from susceptible Anthony at Univer- 


Reaction 

OF 

Anthony 


m 


to-is PER CENT OF PLANTS 5«SCtmBLE 
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PUCCINIA 

SRAM INIS 
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8S-90 WR CENT OF PLANTS RESISTANT 


Fig. 1. The i*eaetions of seedlings of Anthony oats (C. I. 2143) to race 5 of Fuecinia 
graminis avenae and the proportions of susceptible and resistant plants in field plots in 
Minnesota. 

sity Farm, St. Paul, in 1941. In all cases seed from susceptible plants pro- 
duced susceptible seedlings and that from resistant plants, resistant seed- 
lings. 

It appears, therefore, that there are at least 2 strains of Anthony oats, 
indistinguishable morphologically but differing in reaction to stem rust race 
5, (Fig. 1). The percentage of susceptible plants in the seedlots tested is 
about 10 or 15 per cent. About 15 per cent of a total of 500 adult plants 
were susceptible in field plots at St. Paul. There is no doubt that the seed 
lots of Anthony oats in use in Minnesota contain many plants susceptible to 
at least one of the prevalent races of oat stem rust. 

Spectrographic analyses® were run on the resistant and susceptible 
5 We are indebted to Eiehard 0. Nelson, Philip Hamnx, and David Gottlieb for the 

sneetrojorrfmhip. fl-nalviSiAH 
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Anthony seedlings to see if they differed in ability to absorb from the soil 
certain eleinents that might affect reaction to rust. Densitometer readings 
for the niagnesiiini and iron lines for the 2 strains of Anthony were nearly 
identiealj and inspection of the lines for other emission elements on the film 
revealed no differences between the resistant and susceptible plants. 

In conclusion it seems advisable in the case of varieties that have been bred 
for resistance to disease to practice periodic reselectioii witlnn the variety. 
Kesistant vaideties should be exposed to artificial epidemics of diseases to 
make possible the observation of any variation in disease reaction and to 
eliminate segregates or, even, mutants that are not pure for the resistant 
character. Strains are knowm to exist within otlier cereal varieties and to 
differ with respect to disease reaction, Eenown wheat was not pure for 
resistance to leaf rust, Pticcmia mbigo-vera tritici (Eriks, and Henn.) 
Carl., but reselection within this variety produced a highly resistant strain.® 
The hard red winter wheat, Crimean C. 1. 1435, is considered by Kiesselbach 
and Peltier^ a mass variety ; they demonstrated that the majority of 578 of its 
most promising strains fell into 3 different groups on the basis of their reac- 
tion to selected races of P. graminis tritici Eriks, and Henn. In contrast 
to our experience with Anthony oats, many of the strains of Crimean differed 
from each other agronomically, as well as in rust reaction. However, in 
Kanred, a stem-rust resistant selection from Crimean, Kiesselbach and Pel- 
tier found a few individuals susceptible to a race of stem rust that, ordinar- 
ily, did not attack Kanred. Johnston® also noted the existence within sup- 
posedly pure wheat varieties of strains indistinguishable morphologically 
hut differing in reaction to disease. He worked with approximately 200 
soft red winter wheat varieties that were ordinarily susceptible to race 9 of 
leaf rust, P. rubigo-vera tritici; and in 28 of them he found strains resistant 
to leaf rust. Thus he believed that selection within a variety was an excel- 
lent means of obtaining rust resistant strains. And from another stand- 
point, it is probable that many disease-resistant crop plants need periodic 
reexamination, exposure to artificial epidemics of disease, and reselectxon 
within the variety to ensure the maintenance of its resistance. 

University Farm, St. Paul, Minn. 

6 Newman, L. H., J. G. 0. Fraser, and A. G. 0. Whiteside. Handbook of Canadian 

spring wheat varieties. Canadian Dept. Agr. Farmers Bull. 18. (Publ. 538). 1939. 

7 Kiesselbach, T. A., and G. L. Peltier. The differential reaction of strains within a 
variety of wheat to physiologic forms of Tuccinia graminis tritici. Neb. Agr. Exp. Stat. 
Res. Bull. 39. 1926. 

s J ohnston, C. 0. The occurrence of strains resistant to leaf rust in certain varieties 
of wheat. Jour, Amer. Soc. Agron. 21: 568-573. 1929. 


PHYTOPATHOLOGICAL NOTES 


Xcw Fiinfficicles and Beduced Fungicide Dosages for the Control of 
Kernel Swul of ^^orglium. — During the 1942 season, four new fungicidal seed 
treatment materials ami several previously used were tested for their effect 
on emergtnu'e in sorglnim, and on the control of covered kernel smut at full, 
half, and fourth dosages. 

The following materials wei^e used: New Improved Ceresan, 5 per cent 
ethyl mercuric phosphate (Bayer Semesan Co.); copper carbonate, 54 per 
cent metallic* copper; Spergon, 99 per cent tetra-ehloro parabenzo(piinone 
(U. H. Rubber Company) ; Thiosan (DuBay 1205-PP), 50 per cent tetra- 
methyl thiuramdisulphide ; and DuBay 870, 100 per cent ferric dimethyl 
dithio carbamate (Bayer-Semesan Company) ; Captax, 100 per cent mer- 
captobenzo-thiazole (R. T. Vanderbilt Company) ; Sanoseed, 2.2 per cent 
ethanol mercuric chloride (Ansbacher Siegle Corporation) ; M.T.D.S., 
morplioline thiuram disulphide (M. C. Goldsworthy) ; and dusting sulphur 
(Stauffer Chemieal Company). 

Seed of Sharon kafir was dusted with spores of covered kernel smut 
at the rate of 1 g. of spores to 100 g. of seed; separate portions were then 
treated with New Improved Ceresan at the rates of and i oz. per hu., and 
with the other dusts at 3, 1^, and | oz. per bu. 

The treated seed, along with similarly smutted untreated seed, was 
planted at Beltsville, Maryland, at the rate of 200 seeds per 44-foot row, 
replicated 4 times for each rate of application of each fungicide. Similar 
plantings were made at 7 other stations in the Midwest and Southwest, 3 
replications per location. 

Data on emergence were obtained at 5 stations and on smut control 
at 7. At Hays and Manhattan, heavy rains caused irregular emergence; 
at Tucson, high temperature inhibited smut development. The results are 
summarized in table 1. 

On the w^hole, Thiosan, DuBay, 870, copper carbonate, and Spergon 
seemed most consistently beneficial to emergence, while Sanoseed and sulphur 
were of little, if any, benefit in this respect. Spergon controlled smut 
perfectly Thiosan and DuBay 870 reduced it to an average of less than 0.1 
per cent at all dosages, while M.T.D.S. and copper carbonate were only 
slightly less effective. Captax and sulphur were fairly effective at full 
dosage, and were superior to New Improved Ceresan, which was 2 years old 
and evidently had deteriorated. Sanoseed was highly ineffective in shaut 
control. 

Smut in the untreated checks ranged from 7.8 to 43.4 per cent and aver- 
aged 25.2 per cent and hence the fungicides were not put to a uniformly 
severe test. However, the excellent smut control obtained with the new 
materials, Thiosan, DuBay 870, and M.T.D.S. at all dosages, and with Captax 
at the maximum dosage, indicates their possible effectiveness in controlling 
certain diseases of other field crops. If so, they can be substituted for those 
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fungic'ides eontaiiiiii^* metals highly essential in the maniifaetiire of arma- 
ments. Thiosau is on the market as a fungicide for turf, while Captax is 
used in the manuFadure of rubber. DuBay 870 and M.T.D.S. are still in the 
ex])erimental stage. R. lY. Leukel/ Bureau of Plant Industry Station, 
Beltsville, l\Id. 

Epichloe ijfphina on Imported Fescue Seed. — In a search for stolonifer- 
ous fes<m(‘s suitable for airfields, fairways, and playing surfaces, the depart- 
ment of agronomy at this station imported seed of two strains of Festuca 
ruhrd (jenuina and one of F. rubra nemoralis from Hungary in 1939, as 
follows : 

Strain 1. F. rubra (jenuina via T. W. Woods & Sons, Riehmond, Virginia 
2. F. rubra nemoralis^^ 

fS. F. rubra (lenuina “ Beno Balint & Sons, Budapest, Hungary 

Seed was planted in flats in the greenhouse and approximately 250 individual 
plants of each strain were transferred to the nursery for observation and 
subsequent selection. Strain 3 showed the greatest variation in growth 
habits and types but individual plants from all strains were chosen for 
further stud}^ These plants were divided to give 20 plant clones and trans- 
ferred to another location for further observation on growth habit, seed yield, 
foliage color, disease resistance, etc. In June of the current year these 
clones were in their second season of seed production. 

Of 104 selections of strain 3, 27 clones shelved this year fruiting struc- 
tures of Epichloe typhina. In a few clones every seed stalk had the typical 
sign of the choke’’ disease, bearing white stromata on the leaf sheaths and 
occasionally on some of the spikelets of the panicle. Often the panicle failed 
to emerge. In other clones at least one plant shouted evidence of infection. 

According to Sampson and Westen’^ this fungus is systemic in Festuca 
rubra and is transmitted through the seed in percentages as high as 99 ; in- 
fected plants elonally divided eventually show disease in every plant of the 
clone. Plants systemieally infected may produce a hundred or more pan- 
icles, yet show nothing of the parasite to the casual observer. 

In lieu of this information all infected clones were removed from the 
nurseiy and burned. A few badly infected plants were removed to an 
isolated plot and interplanted with noninfected plants in an effort to estab- 
lish rate of spread under field conditions. Seed from these infected plants 
was collected for the purpose of studying seed transmission and the effect 
of hot-water treatment on seed disinfection. It is doubtful if these studies 
will yield pertinent information until three years hence.— C. C. Wernham, 
Dept, of Botany, The Pennsylvania State College, State College, Pa. 

1 The generous cooperation of the following investigators at these stations is grate- 
fully acknowledged : J. E. Livingston and R. L. Cushing at Lincoln, IVebr., A. E. Lowe at 
Garden City, Kans., E. G. Heyne, at Manhattan, Kans., A. E. Swanson at Hays, Kans., 
J. B. Sieglinger and D. E. Hoifmaster at Stillwater, Okla., A. T. Bartel at Tucson, Ariz., 
and B. E. Barnes at Dalhart, Tex. 

1 Sampson, K., and Western, J. H. Diseases of Biitish grasses and herbage legumes, 
26-29. 1941. Cambridge Univ. Press. 
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An Apple T^ot Fungus Morphologically Belated to a Human Pathogen , — 
A rot of stored apples, attributed to Sporotrichum malorum by Kidd and 
Beaumont, was brought to the attention of the writer in 1937, when this dis- 
ease was observed causing serious losses in stored AVinesap apples in A^ir- 
ginia. Kidd and Beaumont^ in England, reported it as new in 1924, and 
named the causal fungus Sporotriehum malorum. Chirdner-’ reported that 
what he considered a strain of the same fungus c-aused a decay of (Irimes 
Golden apples in Indiana in 1929. In 1931 Kuehle'^ in a rei)ort of ''New 
Apple Rot Fungi from A^^ashington^’ listed Sporotrichum maloruni Ividd 
and Beaumont and also described a new species, which he designated as S. 
carpogemim. 

Since 1937 the writer has isolated similar fungi from decaying apples, 
from cankerous apple wood, and from the surface soil beneath apple trees. 
Instead of finding the isolates to be either identical with or distinctly differ- 
ent from the published species, the writer observed a wide range of variation 
in the 130 single-spore isolates studied. Preliminary comparison of the iso- 
lates with a sub-culture of 8 . malorum obtained from the Centraal Bureau 
vor Schimmeleultures indicated that the original classification was in error. 
The present study, therefore, has been made in an effort to determine the 
proper systematic position of the fungus described by Kidd and Beaumont 
as Sporotrichum malorum^ and that described from a similar apple rot by 
Euehle as 8. carpogenum, m-A to find the relationship bet'sveen these fungi 
and the many variable isolates obtained during the course of this study. 

It has been demonstrated that this fungus has dark pigment in the 
hyphae and to a certain degree in the spores ; therefore, it should be placed 
in the Dematiaceae instead of in the Moniliaceae. Since the process of 
sporulation is characterized by a continuous proliferation of the sporo- 
genous cells, forming conidia through a collar-like apex, where they abscise 
but are held together in a mucous mass, it seems evident that this fungus 
does not belong in the form-genus Sporotrichum. It, therefore, is being 
transferred to the form-genus Phialophora, and Sporotrichum malorum 
Kidd and Beaumont becomes Phialophora malorum (Kidd and Beaumont) 
comb. n. Sporotrichum carpogenum hecomes synonymous with P. malorum 
and is considered to be a strain of that species. 

The form-genus Phialophora, as established by Thaxter (in Medlar),^ is 
characterized by spore formation in cups borne on the tips of flask-shape 
conidiophores. P. verrucosa was designated as the type species and at that 
time was the only species of the new form-genus. This fungus had been 
isolated from a skin disease, reported as the first case of dermatitis verrucosa 

1 Kidd, M. N., and A. Beaumont. Apple rot funffi in storage. Trans. Brit. Mycol. 
Soc. 10: 98-118. 1924. 

2 Gardner, Max W. Sporotrichum fruit spot and surface rot of apple. Phytopath. 

19:443-452. 1929. ^ 

George D. New apple rot fungi from Washington. Phytopath. 21: 1141- 

4 Medlar, E. M. A new fungus, Phialophora verrucosa, pathogenic for man. Myco- 
logiaV: 200-203. 1915. 
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(chromMastmiiiC'Osis) j a skin disease of man. The, apple-rotting fungus 
aligns itself with the form-genus Phmlophora, strictly in a morphological 
sense, because of the unique eonidial formation. There has been no evidence 
of any relationship between the diseases that these fungi cause. Apples 
inoculated with P, verrucosa remained sound, and, even under semi-sapro- 
pliytic conditioiis, the fungus did not grow or cause any disintegration of 
the apple tissue. In 1937 Conant'^ concluded that the form-gemis Cado- 
pliora, with its s{)ecific forms reported as causing bluing and staining of 
wood pul]\ is synonymous with the form-genus Phmlophora, Inasmuch as 
Plikdophora had priority, he proposed new combinations for the described 
species. Tlie transfer of the apple-decaying species with its numerous 
strains to Phkdophora malorum iH a step further in showing the wide distri- 
bution of this form-genus in nature. — L. P. McCollooh, Bureau of Plant 
Industry Station, Beltsville, Md. 

Willow Blight in West Virginia .^ — In 1941 Leach and Bupert^ reported 
willow bliglit in West Virginia near Thomas in Tucker County. It was ob- 
served only on trees of an ornamental planting. The owner stated that the 
trees had been obtained from an out-of -State nursery, but the exact origin 
■could not be determined, as the records of purchase had been lost. The 
disease has since been found in limited areas on native willows in two ad- 
jacent counties, but it is not widely distributed. All infections on native 
willows apparently are of relatively recent origin, as there are few dead twigs 
or old cankers. It seems probable that the disease has spread to native 
willows from the planted stock. 

The frequent association of Physalospora miyaheana Puk. and Pusk 
cladium saliciperdum Tub. in willow blight has led to some dispute as to 
which is the primary parasite. The disease was first reported in this country 
by Clinton^ and Clinton and McCormick,^ who regarded F, saliciperdum as 
the causal agent. In England Nattrass^ and Dennis® regarded P. miyabeana 
as the primary parasite and relegated the Fusicladium to the role of a sec- 
ondary invader. Harrison'^ in Canada and Brooks and Walker® in England 
concluded that both organisms are responsible for injury. 

5 Conant, Worman P. The occurrence of a human pathogenic fungus as a saprophyte 
in nature. Myeologia 29 : 597-598. 1937. 

1 Published with the approval of the director of the West Virginia Agricultural Ex- 
periment Station as SeientiSc Paper No. 293. 

2 Leach, J. G., and J. A. Eupert. Black canker of willow in West Virginia. U. S. 
Dept. Agr. PI. Dis. Eptr. 25: 588. 1941. 

Clinton, G. P. A new disease of willows appears in Connecticut. IT. g. Dex^t. Agr. 
PI. Dis. Eptr. 11: 87-88. 1927. 

^ Clinton, G. P., and E. A. McCormick. The willow scab fungus. Conn. Agi*. Exp, 
Stat. Bull. 302. 1929. 

Nattrass, E. M. The Physalospora disease of the basket willow. Trans. Brit. 
Myeol. Soc. 13: 286-304. 1928. 

6 Dennis, E. W. G. The black canker of willows. Trans. Brit. Mycol. Soc. 16 : 76-84. 
1931. 

7 Harrison, K. A. Willow hlight. Canada Dept. Agr. Eept. Dorn. Bot. (1928) : 34- 
36. 1929. 

s Brooks, F. T., and M. M. Walker. Observations on Fusicladkim saliciperdum. New 
Phytol. 34: 64-67. 1935. 



1096 


Phytopathology 


[VoL.' 32 


"Wlnni tlie disease was first obseiwed in West Virginia the season was well 
advaiKHHl and only Physalospom miyahemm was obs(‘rved asso(dated -witli 
bli^'lited twig‘s, but in ilay, 1942, FusiclaMum saJieijX'rdatn was found fruit- 
ing’ abundantly on infeeted petioles. No aeervuli of the FInfS(t({)si)ora were 
present then, although the fungus could be isolated from the cankers. In 
June, acerviili of P. nuiiabeana were found to be very achive, while the 
Fusicfadiimi was definitely on the decrease. Perilhetda of P. miydbcana were 
found in some of the cankers in late summer and in tlie winter. 

Pure-eulture inoculations showed the Physalospora to be ])athogenie on 
botli stems and leaves of growing trees, in tiie greenhouse ami out of doors, 
as well as on excised leaves in a Petri dish. The Fusicladiuni, however, under 
comparable conditions, failed to infect the stems and leaves of growing trees. 
On excised leaves it produced only a weak, delayed infection after the leaves 
had begun to deteriorate. 

In nature there was always a sudden appearance of a saprophytic species 
of Cladosporhmi on the affected leaves very soon after they began to die. It 
is probable that the Fusicladmm may act somewhat similarly, although there 
are some indications that it may be weakly parasitic. However, in these 
experiments it was not nearly so virulent as Physalospora. 

A species of Macrophoma was oecasionally found fruiting in old cankers 
and dead twigs but this fungus was never isolated from blighted leaves or 
twigs in the early stages of infection. It, also, is most likely a secondary 
invader.— Joseph A. Rupert and J. 6. Leach, Department of Plant Pathol- 
ogy and Bacteriology, West Virginia University, Morgantown, W. Va. 

Longevity of it Spores of Some Wood-destroying Hymenomyceies , — 
Fresh sporophores of each fungus were placed in a moist chamber for 12 to 
24 hours to deposit their spores on clean glass slides. These spore prints 
were allowed to dry at room temperature before wrapping in tissue paper 
for storage at room temperature. At approximately w^-eekly intervals spores 
were sowui on slants of Sabouraud’s dextrose agar. A No. 30 x)latinum 
wire with a loop about 1 mm. in diameter was fiame-sterilized. A drop of 
sterile water picked up in this loop was used to rinse the spores from a small 
area on the slide. The spores were streaked out on the agar slant, 3 such 
loopfuls being transferred to each tube. The moistened area on the spore 
print was marked on the reverse of the slide with wax pencil, and thereafter 
avoided in securing spores for further sowings. After the spot on the slide 
was dry, the latter was returned to its tissue-paper wrapping. 

The tube was capped with a double thickness of wax paper and held at 
room temperature. Growth was observed with the help of a 10 x hand lens. 
With proper care to obtain spores from healthy sporophores, bacterial or 
mold contaminations were rare. 

Stereiim hirsutum spores were alive after 56 but not after 64 days of 
storage. Growth was distinctly visible at the end of the first week. 

Stereum rugisporum spores were alive after 46 but not after 66 days. 
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At least two weeks were required for visible growtii. The sowings made 
after 16 and 38 days failed to show growth. 

Sfvrciim sa/qf/ad/e/ea/aor spores were alive after 131 days but not after 
137 days. (Irowth was visible after 4 or 5 days. Only one earlier sowing, 
that after 101 days, failed to gro\w 

PohfporKs sclnrrinit>ii spores were alive after 162 but not after 170 days. 
Growth was Yisil)I(' after 2 or 3 weeks. 

Fo)^i{s Hpiiifrius spores were alive after 91 but not after 99 days. Growth 
was visible after 20 to 27 days. Germination w^as somewhat erratic, fresh 
spores and those stored 7, 14, and 64 days failing to germinate. 

Fome^i pinicola spores were alive for at least 173 days. Growth was visi- 
ble after 5 to 7 days. 

Trametoi pini spoils were alive for at least 65 days. About 2 weeks were 
required for growth to become visible. 

Poly])orus ablet inns spores were alive for at least 65 days. About 1 w^eek 
was required for growth to a])pear. 

PleurofuH ostreatua spores wwe alive at least 20 days. Growth was visi- 
ble in about 1 week. 

Ill an earlier experiment, Coniopliora sistotremoides spores grew when 
sown on casein -giiieose-potato agar after 46 but not after 68 days. At first 
growth appeared in 17 or 18 days, but the last two successful sowungs re- 
quired about 50 days to make visible growth. 

Hymenochaete tahacma spores grew on w^alnut nutrient agar after being 
dry for 17 days. Growth was visible in 4 or 5 days. 

These rather fragmentary results are reported at this time, since the work 
is necessarily suspended for the duration of the war. — Charles H. Harrison, 
2318 N. 38 Street, Seattle, Washington. 
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Karling, Joiix S. (Columbia University). Flmmodiopkorales. 144 p.j 17 pi., 17 figs. 

Publ. by tlie author (New York) 1942. 

Had this book emanated from a government bureau it would doubtless have been 
seized upon by a Congressional committee investigating useless expenditures as an example 
of the sort of activity that must be suppressed in time of war, notwithsttinding that it 
contains some references to diseases of economic crops. On the other liaud, it is likely 
to be hailed by mycologists who have not completed their transfer of alh»giance to IVIycol- 
ogy ’s domineering offspring, Phytopathology, as another vt)lume in the series of Amcuacan 
monographs tliat illuminates minutely a. corner of the rejilm of fungi for the sake of knowl- 
edge itself—a series distinguished by such names as Thaxter,. Burt, Fitzpatrick, Coker, and 
Couch. The present work exhibits less of the author’s |)ersona.l handiwork than some of 
its predecessors but is still an authoritative treatment of a field in which specialists are 
rare. 

Its scope is roughly indicated by the table of contents as (1) Introduction, (2) Cytol- 
ogy, (3) Sexuality and alternation of generations, (4) Glassification and description of 
species, (5) Phylogeny and relationships, and (6) Diseases caused by species of the group. 
In the discussion of ‘ ' promitosis ” and the ‘^akaryote stage” the author stresses the find- 
ing by recent authors, employing improved technique, of chromosomes in the vegetative 
divisions, and their failure to find coiivineing evidence of an akaryote condition. Thus 
these features, which have been held to relate the Plasmodiophorales to the IMyxoinyeetes 
and Protozoa, are gravely suspected of not occurring in the grouj^ at all. 

The author has consistently maintained a judicial attitude toward the evidence, often 
fragmentary, on the cytology and life cycle of the organisms that different investigators 
have assigned to this group, and the evidence in figures and in text is carefully reviewed, 
even when the claim to relationship is rejected. He recognizes 8 valid genera, as com- 
pared with 6 by Fitzpatrick in The Lower Fungi, 1930, but' 2 of these have been described 
since the latter book appeared. He regards the group as belonging to the primitive fungi 
with its closest affinity to the Woromnaceae, though of questionable relationship to the 
other families usually included in the Chytridiales. In postulating this relationship the 
presence of biflagellate heteroeont zoospores in the Plasmodiophorales is emphasized. He 
does not view the evidence regarding sexuality and alternation of generations in the group 
as warranting general acceptance. The reviewer feels that the chapter entitled Introduc- 
tion is more helpfully read at the end since it provided a needed synthesis after he had 
lost his bearings in navigating the many details of the 4 ensuing chapters. He also found 
it helpful, in gaining a quick conspectus of the group, to add symbols to the index of species 
on p. 137 differentiating the valid genera and species from the others j a slight modifica- 
tion of typography would have gained the same end. 

The final chapter gives very full information on club root of crucifers and powdery 
scab of potatoes, including (for the former) a complete host list, a table of effects of 
various fungicides and crop ameliorants on the pathogen, and lists of varietal reactions. 
Separate bibliographies pertaining to the subject matter of each chapter are provided. 
The illustrations are numerous and well executed. — ^Freeman Weiss. 

Chester, K. Starr. The Nature and Prevention of Plant Diseases. I-XII, 1-584. The 
Blakistoii Company. 1942. $4.50. 

The publication of a new textbook in plant pathology immediately raises the question 
as to the reason for its publication. Is it the result of a definite need for something bet- 
ter; and if so, does the new text supply the need? In the preface of this new book, the 
author states that one of his objectives is to provide the student with a work to which he 
may refer for detailed and specific directions on plant-disease control ; and follows with 
a statement that * ‘ I have tried to select for detailed study diseases that are of consider- 
able economic importance over a broad area of the United States . . . and that illustrate 
the leading principles of plant pathology. ’ ’ Also an attempt is made to ‘ ‘ rectify the past 
neglect of diseases of southern and prairie crops. ’ ’ 

The author seems to have met these objectives fairly successfully. The selection of 
subjects is good and should meet general approval, particularly the discussion of a larger 
number of diseases caused by the imperfect fungi. The arrangement of the text is some- 
what different from that of some other texts, but not radically so. It begins with a 
chapter on ^ ‘ The significance of plant disease in agriculture. ’ ’ This is rather a thrilling 
stateinent of the losses farmers sustain year after year as a result of outbreaks of diseases 
in their crops. At the same time, the author works in a very good limited history of plant 
pathology. In the second chapter, types of plant diseases are outlined, with the remainder 
of the chapter devoted to a discussion of the fungi, their classification and types of fruit- 
ing bodies, and infection by fungi. The next 7 chapters are devoted to diseases caused 
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by the fungi, the iirrangeiueiit being as follows: Basidiomyeetes, Busts; Smuts; Fleshy 
fungi and Myeorriiizae: Aseoinyeetes ; Imperfect fungi; I’liyeomycetes ; and Ilaiiiping-oft 
and related troubles. These are followed by chapters on Bacterial diseases; Virus dis- 
eases; Parasitic s(H*d plants and algae; Nematodes; Physiogenic diseases; Methods of 
studying plant diseases; Mnvironineiit and parasitic disease; Etiology and epiphytology of 
disease; and three chapters on principles and procedures in the control of plant diseases: 
1, by regulathui, ll, Ijv indiudng resistance, and 3| by cultural methods. This is followed by 
a ralher comjiiete index. 

The author has discussed the majority of the most destructive or, at least, the better- 
known plant diseases and has also included in each group a number of minor disc'ases; 
for exampU?, «I rusts are treated, including rusts of grasses, forage crops, trees and shrubs, 
vegetables, and (irnamentals. The diseases are given si)ace according to the ectiiiomic 
losses they cause. Seventy-two pages are devoted to the diseases caust'd by fungi im})er' 
fecli, with a- discussion of 24 welhselected diseases, A feature of the chapter on daiujung- 
off and relat(‘d troubles is the discussions of disease complexes, as the cotton-seedling bliglit 
and l)oll“rot complex; corn root, stalk, and ear rots; ainl sorgliuin root and stalk rots. The 
author is at his b<‘st in the held with which he is most familiar, namely, the diseases caused 
by virust's. If the text is widely adopted, a great impetus will have been given to the use 
of binomials in naming viruses, because it is accepted without reservation. In the chapter 
on physiogenic disease, Icwss than a page is devoted to the general symptoms produc(*d in 
plants by a shortage of A’, 1*, and K. Without lu*adings it would be dillicult for tme 
experienced in nutrient deftciencies to guess which deficiencies were being described. Xdio- 
togrupIiH of typical nutrient deficiencies would add greatly to the value of this part of the 
discussion. 

A successful textbook in plant pathology will bo the chief source of information on 
plant diseases for numerous students, both in class and in the field later on, and for an 
occasional one it will form the ground work upon which he will build his knowledge of 
plant diseases as a profession. Each group has a right to expect, in a text, a high degree 
of scholarship ■with as nearly absolute accuracy as the literature will provide; and ^yhere 
all of the facts are not known, a high degree of judgment in the interpretation of the 
available facts. AVhile the text is a well-arranged, well-balanced discussion of plant dis- 
eases for the beginner, yet, an occasional mistake makes one lose a certain degree of confi- 
dence not only in the discussion in which it occurs but in the discussion of those topics with 
which one is not too familiar. For example, the author has the ^ ‘ double-sexed mycelium ’ ' 
of stem rust, following fertilization of the receptive hypha in the pycnium, ‘^growing 
vigorously down into the barberry leaf,^^ and feeding ^^on its cells’^ (p. 38) ; and telio- 
spores ‘^fall to the ground,’^ resist winter temperatures, and the following spring germi- 
nate, etc. (p. 39). It is doubtful whether the scab fungus invades the corn stem and 
causes barrenness; or that in the southern States the corn root-rot stage (caused by the 
scab fungus) is common (p. 108) ; or that the powdery mildew fungi produce toxins that 
pass through the leaf tissue and yellow and kill cells (p. 135) . The powdery mildew epi- 
demic of red clover in 1922 is commented upon as though the fungus were of long standing 
in this country, but flared up suddenly that year and then subsided, rather than pointing 
out that it was a ne^v introduction at about that time from Europe and has been injurious 
each year since its introduction (pp. 136, 452) . What is meant by the statement that the 
sexual oveiwintering stage of Selerotinia friicticola was determined in 1909 1 Surely not 
first discovered and described that year (p. 138). In speaking of the peach leaf -curl 
fungus the statement is made that ^ ' it oversummers and overwinters as ascospores on the 
bud scales, ^ ' and ^ ^ in the leaf curl fungi saprogenesis is wanting in nature l:>ut may be 
experimentally produced on culture media. ’ ^ Actually, there seems to be no evidence "that 
the ascospores play any necessary part whatever in the life history of the fungus, once it is 
established in a peach orchard ; but the yeast-like saprophytic stage appears to perpetuate 
the fungus year after year (pp. 147, 466). In control of the Texas root-rot fungus, it is 
claimed that, on small areas, soil disinfectants, such as 1.25 per cent formaldehyde or 0.25 
per cent organic mercury, may be used to eradicate the fungus, but the disinfectant must 
penetrate to a depth of 4 feet. Actually, formaldehyde is completely filtered out of solu- 
tion in passing through about 4 inches of soil (p. 179). The spread of the peach scab- 
fungus during the growing season usually is attributed to water rather than ^ ^ by means 
of wind-blown conidia^^ (p. 196). 

The false but widespread belief that southern anthraenose has been the principal 
limiting factor in red clover production in Tennessee and Kentucky and surrounding States 
is repeated by the author, although it is not supported by the literature. According to the 
usually accepted definition, Fhyllosticta soUtaria would be considered a facultative sapro- 
phyte and not a facultative parasite (p. 212). The same mistake is made elsewhere in 
the text. Sweet-potato ring rot is not caused by EMsoptis nigricans but by Fythium 
nltimiim (p. 237). It is questionable whether bruised fruits and vegetables, held in an 
environment favorable to the fungus, invariably develop Bhwopiis infection. The toxin 
secreted by the wildfire organism does not seem to be responsible for the necrotic reaction 
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in tobacco, an is claimed (]>. 284). There seems to be a fair ctnisensus of opinion that 
ziiic-liine spray dot‘s not control bacterial spot of peach, i>nt docs rcduct* arsenic injury 
(p. 29(i). While it may be true that ^‘alfalfa wilt is the most inipeu-taut discaise of the 
crop,” the statement would be definitely misleading to students in etudain alfalfa-growing 
regions of the T. S. in which the disease rarely occurs (]). 310). The waternudon usually 
is consid(Ted nearly imnuino from the cucurbit bacterial-wilt pathogen and not susceptible, 
as the author’s statement would imply (p. 312). It is rather the exception than tlie ride 
that chloru])hyU in leaves formed subsequent to inoculation” with a mosaic virus ^‘is 
lacking in certain leaf areas.” Chlorophyll may be su]>pressed \o a certain extent Imt 
patterns are usually shades of green. It is not true that the tobacco mosaic easily stands 
the heating involved in the curing process.” In tine-curing, tenpierat un‘s art; cominonly 
reached that destroy the virus completely in certain jmrts of the curing shed (p. 329). In 
the discussion of acquired immunity, ring-spot of toliacco is given as the cltissical example 
of a plant that recovers and develops immunity aiid shows no further symptoms. Pollen 
sterility and symptoms ]>roduced in recovered” plants when the tt‘m])eraturi‘ is reduced 
arc disregarded. ^'Immunity is absolute, a plant is immune or not immune from a 
pathogen,” and immunity is defined as ^'freedom from disease because the qualities for 
development of the pathogen are lacking in the jilant, ” and yid plants with aequin^d 
immunity all support the parasitic virus (pp. 330, 490). A millimicron does not, as the 
author claims, =1 j^ip, which is a micromieron or 1 x 10- m meter. A millimicron = 1 mp, 
or lx I0~i> meter (p. 325). The statement that in ordinary tobacco no symptoms are seen 
on the inocidatecl leaf (tobacco-mosaic virus) will hardly stand scrutiny. While it may be 
true that several species of aphids spread ordinary tobacco mosaic, tlie evidence for this 
occurring in the field is extremely meager (p. 344). 

The statement that manganese sulphate is recommended for control of magnesimn 
starvation (p. 393) is evidently a typographical error, of which there are very few in the 
text (but on p. 481 in for iv; p*. 403 preferable for preferably ; p. 203 Dayton for Drayton; 
p. 502 of for or; and p. 456 pratctically) , It is doubtful whether it is correct to say that 
phosphorus shortens the vegetative period of plants. This certainly occurs -when phos- 
phorus is added to phosphorus-deficient plants, but it merely brings about normal growth. 
It is more nearly correct to say that phosphorus starvation lengthens the vegetative period 
(p. 456). What will the student of cold injury say to the statement that '^tissues are 
frozen, the cells explode, and the plant is killed” (p. 409) ^ The statement that potatoes 
regularly produce true seed in the north should be qualified to agree with the facts (p. 
413). 

While the text is well thought out, and for the most part a well-written, well-illustrated 
book, the erroneous statements greatly detract from its value and raise the question as to 
whether it meets the high standards of scholarship that American plant pathologists have 
set up for themselves. — W, D. Valleau, Kentucky Agricultural Experiment Station, Lex- 
ington, Kentucky. 
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Sclerospora spp., comparisons, 212 
maerospora, hosts, 869 

life history, morphology, dissemination, 
and persistence, 872 
on oats, first record for U. S. A., 868 
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Sharvelle, E. G.j 944 
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Sphacelia, Cerebella replaced by, 615 
Sphaeeloma, myrtaceons hosts, 1 
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gency Committee report on, 918 
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Streak, pea-, complex nature of virus, 103 
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Sugar beet, curly top virus, reactions of 
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downy mildew, epidemiology, temj). ef- 
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(dusifnis ill, 57 S 

rust, funi^ici/ie effects on, and factors in- 
lliuaicin^, 19 

tid)acca broad ring s]K>t (exp.) on, 609 
Rusee])tihi]ity, apples, to fungus rots on 
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sclerotia, 824 
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trolled temp., 467 
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lytic activity determined on, 598 
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feeding-, for insect transmission work, 
95 

fumigation, of soils, 22 
fungicides, assay, 3, 389 
particle size, measuring, 388 
fungus culture mounting method for her- 
barium, 546 

humidity control for spore germination 
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infection, degree determination scale for, 
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1015 

for tobacco etch virus, 1058 
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lipolysis determination in bacteria, 598 
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moisture effects, 379 
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quantitative measurement, 1058 ^ 
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effect on: enzyme activity in resistant 
vs. susceptible vars., 863 
protein content of resistant vs. sus- 
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ring-spot virus disease, hosts and general 
study, 1037 

root knot distribution on high ridge 
plantings, 050 
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wilt-resistant, with new genetic charac- 
ters, 24 

Tompkins, C. M., (93) 

Torroai californica, crown gall (exp.) on, 
1005 

Toxins, of plant diseases, antidoting, 22 

Trago])ogon spp., Stemphylinm leaf spot 
(new), 150 
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seed transmission and general study, 518 
Vines, Clit<K*ybe root rot, 495 
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24 

in tomato from curly top, 18 
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see under hosts and specific diseases) 
alfalfa, mosaic, 537 
apricot ring spot, 179 
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Bromus inermis (new) yellow-, 331 
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peach, 827 
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mosaic, 1 
mosaic group, 827 
necrotic spot, 2 
X-disease, 17 
pear, stony pit, 1084 
potato, ring spot, 1045 
yellow dwarf, 799 
Prunus rough bark (new), 428 
rose, mosaic, 321 
strawberry, leaf roll, 631 
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savoy, 328 
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tobacco, broad ring spot (new), 605 
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etch, 1058 
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Phytophthora eactoriim infection (exp.), 
40 / 

Water-soaking, of tobacco leaves, effect on 
bacterial invasion, 379 
K-defieieny effects on, 1 
Water vapor, culture method for root ex- 
amination, 623 
Weetman, L. M., 15, 19 
Weevils, as vectors of root and stem rots of 
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914 

]>ea virus, liosts, 100 
tomato Fusarium, 1(5, 271 
■waternndon Fusarium, 181 
WiXFiKLu, Ray W., 15 
Wood, Diplodia staining of, source of in- 
oculum, 880 

Hymenomycetes destroying, spore longev- 
itv, 1090 

Woods, Mark W., 288 
Mbiunrr, Ernest, (16), 19 

Xanthomonas (see also Bacterium; Pliyto- 
monas ; Pseudomonas) 
spp., lipolytic activities, taxonomic sig- 
nificance, 600 

stewarti, on corn, late leaf infection, 
effect on Diplodia stalk rot, 263 
in dent corn inbreds, reactions accord- 
ing to age, 262 

X-disease, peaeli, control by breeding, limi- 
tations, 827 

virus, inactivation in vivo by cliemo- 
therapy, 17 


Xylaria longeana, ginkgo seed and branch 
infection by, 91 

Yarwood, C. E., 19 

Yellow bud,^’ tobacco seedling-, cold in- 
jury causing, 512 

Yellow dwarf, potato-, field spread, differ- 
ential equation for, 799, 802 
Yellow-red virosis, peach- (see X-disease, 
peach-) 

Yellows, aster-, field spread, differential 
equation for, 799, 803 
bean Fusarium, 1010 
cherry-, indexing on peach, 712 
radish Eusarium, 1033 
sour cherry-, cross budding to peach, 15 
Yellows-type viruses, field spread, differen- 
tial equation for, 799 
Young, H. C., Je., (944) 

Young, P. A*, 24, 214, 436 
Young, V. H-, 651 

Zaumeyer, W. J., 64, (438), 438 
Zeller, 8 . M., (428), 634 
Zentmyer, George A., 20, (22) 

Zinc deficiency, citrus-, vacuolar inclusions 
in, 572 

Zinnia elegans, tobacco broad ring spot 
(exp.) on, 609 

Zoysia japonica, Clavieejis yanagawaensis 
in seed of, and seed treatment for, 809 
ZuNDEL, George L., (544) 



ERRATA, VOLUME XXXIP 

Page 87, paragraph 5, last line, read plating for planting. 

Page 307, paragraph 4, line 1, read mode for node. 

Page 435, transfer line immediately following footnote 1 to foUow line 4 
of paragraph 2. 

Page 518, transfer line 7 of paragraph 3 to follow line 3 of paragraph 4. 
July number, Table of Contents, line 20, read Stark for Starr, 

Page 655, transfer line 11 to line 10 of paragraph 2. 

Page 742, paragraph 2, line 13, read transmission f or subsequently. 

1 Any errata appearing in the December, 1942, number will be published in Vol. 33, 
No. 2. 
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iufei'tiim by, 829 

spa]>i<‘s, potato pit scab due to, baeteml 
ri‘latioiis, b 

soil fauua effects ou, (> 

Alfalfa, cliloropi(a'in soil fuinigatiou effects 
on, 13 

<hvarf, relation to Fierce’s grape dis* 
ea.se, 8 

trausniissioii })y leaf hopper, 10 
witches’ l)rootu, virus (?) etiology and 
effects, 13 

Alkybdithiocar}>ainates, metallic, as fungi- 
cides and phytocides, 0 
Alternaria radicina, carrot storage disease 
dut‘ to, control, 830 

solaiii, resistance of So. American Lyeo- 
{)ersicons to, 12 

on tomato, control, by copper dusts, 
factors inffucncing, 8 
■flea bettie control improving, 8 
American Phytopathological Society, 
War Emergency Committee, statement 
and organization, 831 
Ames, Ralph W., (829) 
amylovorus (Bacillus), 12 
Anderson, E. 6., (13) 
angulatum (Bacterium), 1, 2 
Annelids, potato pit scab role, 6 
Antagonisms, fungus-, Pytliium by Asper- 
gillus, 9 

Pythium by Triehoderma, 9 
Aonidiella aurantii, mass infection with 
bacteria, 829 

Aphids, on cantaloupe, breeding for resis- 
tance to, 10 

Apple, metallic alkyl-dithioearbamates as 
fungicides for, 6 

premature drop, sprays preventing, com- 
patibility with other sprays, 11 
aroideae (Bacillus), 12 
Aspergillus niger, effect on Pythium infec- 
tion of corn, 9 

Bacillus spp., phytopathogenic, nitrogen 
sources, 12 

California citrus red scale infec- 
tion by, 829 

Barba rea vulgaris, potato yellow dwarf 
on, 7 

liarley, chloropicrin soil fiunigatioii effects 
on, 13 

loose smut, intermediate form as influ- 
enced by temp, and moisture, 11 
Beau, Rhizoctoiiia isolates from, pathoge- 
nicity and cross inoeulations, 14 
rust, liordenux fungicidal action, mecha- 
nism, 830 

Bennett, C. W., 826 


Big vein, lettuce-, soil moisture relations, 
829 

Biological control of: California citrus red 
scale by bacterial infection, 829 
mealy bugs by fungus parasite, 7 
Pythium infection of corn, 9 
Bitancourt, A. A., 827 
Blight, chestnut, 7 
oats bacterial halo-, 12 
sorghum seedling-, causes in Okla., 9 
stone fruit Coryixeiiin, 827 
tomato early-^ 8 
tomato leaf-, 12 
Blodgett, Earle 827 
Bordeaux mixture (see under Pungieides) 
Botrytis einerea, carrot storage rot due to, 
control, 830 

Breeding, cantaloupe, for resistance to dis- 
^eases and pests, 10 
cucumber, for mosaic resistance, 782 
oats, for bacterial halo lilight resistance, 
12 

sugar beet, for curly top resistance, 828 
tomato, for leaf blight resistance, 12 
Bunt, wheat-, 9 

Cantaloupe, diseases and pests, breeding 
for resistance to, 10 

downy mildew, breeding for resistance 
to, 10 

powdery mildew^, resistance, assay method, 
14 

strains, powdery mildew reactions in 
greenhouse vs. fleld, 14 
Capsella bursa-pastoris, potato yellow 
dwarf on, 7 

Carneocephala spp., as vectors of: alfalfa 
dwarf, 10 

Pierce’s disease of grape, 8 
carotovorus (Bacillus), 12 
Carrot, root scab, Phytomonas carotae 
causing, 826 

storage diseases, causes and control, 830 
Carsner, Eubanks, 827 
Cauliflower, Rhizoctonia isolates from, 
pathogenicity and cross inoculations, 14 
Cherry, Capulin, Elsinoe (new) on, 11 
choke-, Sphaeeloma on, 11 
metallic alkyl-dithioearbamates as fungi- 
cides for, 6 

prune-dwarf inoculations negative on, 
746 

Chestnut, blight, behavior in Calif., 7 
Chloropicrin, soil fumigation by, effect on 
crops, 13 

Chlorotic streak, sugar cane-, hot water 
treatment for red rot and, 5 
Citrus, Calif ornia red scale, mass infection 
by bacteria, 829 


* A package of cards bearing the following index entries for volume 32 was inadver- 
tently mislaid and only recently recovered. These entries are therefore here published as 
a supplemental index for last year ’s volume, with regrets for the delay and for the incon- 
venience to others thus occasioned. — Frederick V. Rand. 

t This portion of the index may be removed and bound with the 1942 index. 
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hosts and injuries, 827 
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study, 752 
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tance to, 828 

virus, eoncentration, factors influenc- 
ing, 6 

longevity in dried tissue, 826 

Damping-off, corn-, 9 
Diamond, Albert E., (10) 
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resistance to, 10 
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hibition by, 10 

Diplodia zeae, effect on Pytliium infection 
of corn, 9 

spores, production and germination in 
culture, 12 

Distribution of: Endothia parasitica, 7 
prune dwarf virus, 741 
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Draeculacepliala spp., as vectors of: alfalfa 
dwarf, 10 

Piercers grape disease, 8 
Dlggar, B. M., (8) 
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Dwarf disease, alfalfa-, relation to Piercers 
grape disease, 8 

transmission by leaf hoppers, 10 

Eggplant, “ yellows, virus transmission, 

hosts and properties, 10 
Elsinoe, n. sp., on Primus capuli, 11 
Endosclerotiiim pseudococcia n. sp., mealy 
bug control by, 7 

Endothia parasitica, on chestnut, behavior 
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Erwinia sx^p., nitrogen sources for, 12 
Erysiphe cichoracearum, on eantaioupe, 
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polygoni, peritliecia resembling Micro- 
sphaera, 828 
Fawcett, H. S., (827) 

Flax, chloropicrin soil fumigation effects 
on, 13 

rust, pathogenicity inheritance in physio- 
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Flea beetles, on tomato, control improving 
early-bliglit control, 8 
Foebeb, I. L., 5 
Francis, Thomab, Jk., (7r)2) 

Frazier, N, W., (8), (l(i) 

Friedman, B. A., 762 

Fruit drop, sprays preventing premature 
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11 

Fungi, California citrus red scale infection 

by, 829 

Fungicidal action, lime and host-leaf role 
on bordeaux-, 836 

Fungicides, ax)X)le-, compatibility with 
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assay, by dosage-for-eciual-coiitrol, 10 
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dusts, factors influencing perform- 
ance, 8 

copper-derris, for tomato early lilight-flea 
beetle control, 8 

diluents, performance, properties and 
factors inffuciicing, 13 

Oases, natural illuminating effect on 
plants, 829 
OlDDINGS, N. J., 6 
Goldsworthy, M. 0., 6 
Grape, Piercers disease, transmission by 
, leaf hoppers, 8 

Greenhouse xiests, mealy bugs, control by 
fungus parasite, 7 

Growth substances, as fruit drop-preven- 
tive sprays, compatibility with’ other 
sprays, 11 

Hansing, E. D., 7 
Harrar, J. G., 7 
Harris, M. E., 7 
Healb, F. D., 13 

Helminthosporium sativum, effect on 
Pythium infection of corn, 9 
Henry, Berch W., 8 
Heuberger, John W., 8 
Hewitt, Wm. B., 8, (10) 

Hildebrand, E, M., 741 
Ho, Wen-Chun, 9 
Hopfmaster, Donald E., 9 
Holton, C. S., 9 
Hooker, W, J., 9 
Hopperstead, S. L., (6) 

Hops, downy mildew, control by fungicides 
on string sux>ports, 830 
Horsfall, Jaaies G., 10 
Houston, Byron E., (8), 10 
Hoyman, Wm. G., 10 
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mosaic, 5 
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in Tilletia, 9 

Insects as vectors, alfalfa dwarf, by leaf 
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IVANOFF, S. S., lb 
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L. M. Hutchinb (term expires 1943), Plant Industry Station, BtdtsviUe, ^LarylaiKl. 

J. G, Leach (term expires 1944), West Virginia University, Morgantown, West 
Virginia. 

H. A. Eooenhiser (term expires 1943), Plant Industry Station, Beltsville, Maryland. 
G. A. Huber (Pacific Division), Western Washington Experiment Station, Puyallup, 
W ashington, 

A. G. Plakidas (Southern Division), Louisiana State University, University 
Louisiana. 

0. G. Boyd (New England Division), Massachusetts State College, Amherst, Massa- 
chusetts. 

For list of representatives and standing committees see pp. 413-414 of the 
May number. 


PHYTOPATHOLOGY-Thirty-Year Index 

A Key to Thirty Years of Plant Pathology 

An index to the first thirty volumes (1911-1940) of PHYTOPATHOLOGY 
is available. It was prepared by twenty-one individual plant pathologists scat- 
tered throughout the United States and was carefully checked against the original 
text and edited by Dr. Frederick V. Rand. It provides not only a key to the 
authors, published papers, notes^iographies, reports, review^s, and other ma- 
terials that have appeared in the journal, but also a general outline of the rise 
and development of the modern science of phytopathology. 


The edition is limited. If you want to be sure to obtain your copy, fill in and 
mail the order form below promptly. 



PHYTOPATHOLOGY 


H. A. Edson, Bus. Mgr., Bureau of Plant Industry Station, Beltsville, Maryland. 

Please send to the undersigned eopms Phytopathology Thirty-Year Index (1911- 

1940). Bound $5.50 ($6.00 outside the United States). 

Name 1. 

Address 



